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PROCEEDINGS

This Association is not responsible, as a body, for the opinions or views

expressed by individual members.

TUESDAY, MARCH 20, 1906,

MORNING SESSION.

The meeting was called to order by the President, Mr. H. G. Kelley,

at 9 :30 a. m.

The President :—The first business in order is the reading of the

Minutes of the last annual meeting. As these Minutes have been

printed and furnished to each member of the Association, it is unneces-

sary to read them, and unless there is objection, they will stand ap-

proved.

The next business is the President's annual address.

PRESIDENT'S ADDRESS.

In addressing the Association at this its seventh annual convention

I shall endeavor to confine my remarks to a brief review of the work

of the past year and suggestions for the present.

The reports of the Secretary and Treasurer for the fiscal year

will be especially gratifying to the members, showing a sound financial

condition, and even with the unusual expenditures upon the publica-

tions, and espcciall}- the Manual of Recommended Practice, a material

increase in the surplus will be shown. The growth of the Association

during the seven years of its existence has been remarkable. Launched

as an experiment, the early years of our Association's life were haz-

ardous ones ; but the wise and conservative policy of those distinguished

members, who, as officers, guided the first efforts of the Association,

together with the cordial co-operation of the members, have placed this

Association upon the highest plane of honor and usefulness. It now
remains with us to continue to the best of our ability the work so

admirably begun.

The Association has recently been honored by receiving from the

Chief Executive of the nation an invitation to be ofhcially represented

upon a National Advisory Board on Fuels and Structural Materials,

such representation to be performed by the President of the Association

and his successors in office, and in addition two of the members, Mr.

J. Kruttschnitt and Mr. Hunter McDonald, Past-President of the Asso-

ciation, have also been invited to become members. The work of the

Advisory Board is destined to become of national importance, its field

9
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iif u'orl': and iii\cstigati(jn eiuljraciiig all inaLerials of conslrucliou ami

fuels. 'J'lic Association is now represented officially upon the Joint

Committee on Concrete and Reinforced Concrete, and the Committee

on Rail is co-operating with the Rail Committee of the American Soci-

ety of Civil Engineers.

It is. especially gratifying to note the interest in the work of the

.\ssociation evinced hy managing officials, many of whom have become

identified with it and have taken active part in committee work. This

fact emphasizes the principle upon which we have proceeded in the past,

that our work must be marked with conservatism and our recommenda-

tions adopted only after the most thorough consideration of all points

involved. It is better to refer back to a committee for further con-

sideration any subject which is not entirely clear or satisfactory, rather

than to pass it hastily and have it remain as an official expression

against which just criticism might be made.

The volume of important subjects to be considered at our annual

convention has increased to such an extent that it has been considered

necessary to eliminate the consideration of definitions of terms from

discussion at the meetings, and confine the work to more important

subjects. A circular to this effect was sent out early in the year, and

members desiring to criticize or discuss definitions appearing in the

reports are requested to do so by correspondence with the respective

chairmen of committees, and such definitions as cannot be agreed upon

will be taken up by letter-ballot during the year. It is believed by this

method that a more accurate rendering of definitions will be secured.

In the general discussion of the subject matter of the committee reports

the chair desires to urge upon the members a free expression of their

opinions, either for or against the various particular items contained

therein, for it is only by such free and open interchange of thought

that the sum of our knowledge may be increased and the underlying

principles of a subject be diiiferentiated from local or particular con-

ditions.

Some apparently conflicting specifications are in reality the adapta-

tion of a general principle to meet conditions existing in particular lo-

calities. The economic construction grade line for a railroad in a

Southern state would not necessarily be the correct one for a railroad

in 50 degrees north latitude, and as our Association now contains mem-
bers from all quarters of the world, a general and free recital of

experience will add materially to the wealth of knowledge contained

in our publications.

When it is considered that to the members of this Association is

entrusted the expenditure of millions of dollars capital annually, and

the maintenance of the permanent way by which the transportation of

'persons and property may be handled with safety and economy, the

responsibility resting upon us as an Association and as individuals may

be realized.
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(ii'e.'il iTcdil is diK' to the x'.'irious committees for the excellenl

reiKJiUs pre.^ciited rtt tiiis meeting, 'i'hese reports represent an amount

of effort and time taken from busy lives, purely as an unselfish con-

tribution to the general fund of our knowledge.

Some inconvenience has been felt for lack of proper facilities for

committee meetings in Chicago, and the Board has authorized the Sec-

retary to secure an additional room for use as a library and for com-

mittee meetings, where the necessary quiet and privacy may be enjoyed.

You will be asked by the Roadway Conunittee for advice upon

the proper wording of an overhaul clause for use in grading contracts,

and it is hoped that some determination may be reached upon this

important subject.

The Tie Committee has recommended a standard size for ties, which

may conflict with the practice of many roads. The Committee on Bal-

lasting has submitted for your approval ballast cross-sections for single

and double track. The Committee nn Buildings makes important recom-

mendations on the construction and ventilation of roundhouses. The
Committee on Masonry has prepared specifications for stone masonry

and for a classification of masonry. The other committees have pre-

sented, respectively, specifications for standard right-of-way fences,

specifications for signaling and interlocking, office records, and rules

for the government of employes in the maintenance of way department,

conclusions as to hump yards, specifications for steel railroad bridges,

and a statistical report classifying railway districts according to freight

and passenger car mileage and speed of trains.

The Track Committee makes a valuable suggestion that a special

committee be appointed to confer with a like committee of the American
Master Mechanics' Association to consider the proper increase in gage

for different degrees of curvature and varying lengths of wheel base.

In the past, time and interest have been lost awaiting the announce-

ment of the personnel of committees ; the Board has, therefore, decided

to announce the appointments at this meeting, in order that members
may become acquainted and make plans for work and meetings during

the early summer and autumn. These lists may require some correc-

tion, and the Board of Direction will be pleased to give due considera-

tion to the personal preferences of members if they will notify the

Secretary of their choice of committee work. It has not been possible

in all cases to assign members to the committees upon which they would
prefer to serve, but the list has been prepared as closely as possible

from the expressed preference of the members which have been received

by the Board.

The year 1905-1906 has marked the first publication of the first

volume of the Manual of Recommended Practice, an event to which

the Association has looked forward for several years. The comments
of the technical press and of individuals have been favorable, and the

demand for the volume gratifying, and we believe that the volume
will take its place in our libraries as a standard work of reference.
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The recent progress toward the partial elect rificaiion of steam roads

indicates that the new conditions arising will in the immediate future

require the attention of the members of this Association. It is opening

up a new and broad field for original thought and work.

In conclusion, I desire to express the appreciation of the Board
of Direction for the hearty support and interest given by the various

chairmen and members of committees, and trust that the new year

will show the same upward progress that has marked the passage of

the years we have left behind. [Applause.]

The President :—The next business is the report of the Secretary

and Treasurer.

Secretary L. C. Fritch read the following report:

REPORT OF THE SECRETARY AND TREASURER.

Jo the Members of the Association

:

The following report is respectfully subnn'ltcd

:

FINANCIAL STATEMENT.

Balance cash on hand last annual report . . . ; $8,559 Oi

Receipts during the year $11,406 23
Expenditures during the year 10,017 38

Balance to credit $1,388 85 1,388 Si

Balance cash on hand date of this report $9.94876

Expenditures in detail

:

Stationery and printing $ 6,159 O-

Postage and exchange 597 70
Salaries 1,800 00
Clerical services 364 65
Office supplies 86 60
Rents 360 00

I

Expressage on Proceedings, etc 233 05

I

Light 18 92
Telephone and telegrams 54 23
Committee expenses 76 90
Annual meeting expenses 216 31
Entrance fees returned 50 co

Total expenditures $10,017 38

MEMBERSHIP.

Membership last annual report 463
Members admitted during the year 102

Withdrawals 9

Dropped for non-payment of dues 27
Death ."

1

37 37

Gain 65 65

Membership date of this report 528
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The President:— Tlie next business in order is the reports of the

standing committees. Before taking up the reports of the various com-

mittees, the chair desires to call the attention of the members to the

necessity of announcing their names and the name of the road with

which the}' are connected when they first rise, in order that the reporter

may be enabled to record the names properly.

The first report is that of the Committee on Uniform Rules, Or-

ganization, Titles, Code, etc. In the absence of the chairman of the

Committee, Mr. G. H. Webb, Chief Engineer of the Michigan Central

Railroad, vice-chairman, will present the report. (See report, pp. 19-22;

discussion, pp. 23-27.)

The President :—The next report is that of the Committee on Ties.

In the absence of the chairman, Mr. W. W. Curtis, the vice-chairman

of the Committee, will present the report. (See report, pp. 29-64; dis-

cussion, pp. 65-(S2.)

AFTERNOON SESSION.

The President :—The report of the Committee on Ballasting is the

first business in ordfer this afternoon. The chairman of the Committee,

Mr. John V. Hanna, will present the report. (See report, pp. 83-89;

discussion, pp. 90-127.)

The President :—The next report is that of the Committee on

Yards and Terminals. In the absence of the chairman, Mr. E. E. R.

Tratman, vice-chairman, will present the report of the Committee. (See

report, pp. 129-167; discussion, pp. 168-182.)

The President :—The work outlined for to-day's session has been

finished a little earlier than we contemplated. To-night we will con-

sider the report of the Committee on Iron and Steel Structures. This

is an important report, and the Committee would appreciate a large

attendance at to-night's session. It is desired to have the report acted

upon as final, in order that it can be incorporated in the Manual of

Recommended Practice.

EVENING SESSION.

The President :

—

\Iy. J. P. Snow, chairman of the Committee on

Iron and Steel Structures, will present the report. (See report, pp. 183-

217; discussion, pp. 218-264.)

WEDNESDAY, MARCH 2J, 1906.

MORNING SESSION.

The President :—The first business this morning is the report of

the Committee on Records, Reports and Accounts. Mr. Edwin F.

Wendt, chairman, will present the report. (See report, pp. 265-317; dis-

cussion, pp. 318-329.)

The President :—The next report is that of the Committee on Classi-

fication of Track. Mr. Chas. S. Churchill, chairman, will present the

report. (See report, pp. 331, 332; discussion, pp. 333-340.)
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Tlie President :—The next report is that of the Committee on

Roadway. Mr. H. J. Slifer, the chairman, will make a prelimmary

statement. (Sec report, pp. 341-442; discussion, pp. 443-449.)

AFTERNOON SESSION.

'I'lie President :—The first business this afternoon is the considera-

tion of the report of the Committee on Signs, Fences, Crossings and

Cattle-Guards. Mr. ^^^ D. Williams, Chief Engineer of the Cincinnati

Northern, chairman of the Committee, will present the report. (See

report, pp. 451-472; discussion, pp. 473-480.).

The President :—The report of the Committee on Signaling and

Interlocking will be the next business before the convention. The chair-

man of the Committee, Mr. Chas. A. Dunham, will make a preliminary

statement. (Sec report, pp. 481-532; discussion, pp. 533-548.)

The President:—The next business is the report of the Committee

un Rail. Mr. Wni. R. Webster, chairman, will present the report of the

Committee. (Sec report, pp. 549-556; discussion, pp. 557-577-)

The President:—Before we adjourn, the chair would announce the

appointment of the following members as tellers to canvass the votes

for officers : Messrs. Garrett Davis, C. W. Pifer, F. L. Nicholson.

The chair would also call the attention of the chairmen and vice-

chairmen of the new committees to the desirability of holding informal

meetings before final adjournment for the purpose of getting acquainted

and making plans for future meetings and work. The noon recess is

suggested as a good opportunity, and if any committee chairman, desires

to call his committee together for a brief conference and will hand

the Secretary a notice to that effect, giving time and place for such

meeting, it will be read in open session.

THURSDAY, MARCH 22, t906.

MORNING SESSION.

The President:
—

'j"hc next business in order is the report of the

Committee on Masonry.

Before taking up the report of the Committee, the chair would like

to again call attention to the announcement made in the opening ad-

dress on Tuesday, that, on invitation of President Roosevelt, the Ameri-

can Railway Engineering and Maintenance of Way Association is offi-

cially represented by three of its members on the National Advisory

Board on Fuels and Structural Materials.

During the past year, and at the present time, investigations of

these subjects are being conducted under the direction of the United

States Geological Survey at St. Louis. The members are also aware

that our Committee on Masonry has a sub-conunittee on concrete and

reinforced concrete, which, jointly with similar committees of the Ameri-

can Society of Civil Engineers, the American Society for Testing Mate-

rials, and the Association of American Portland Cement Manufacturers,
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is co-operating with the Geological Survey in these investigations, espe-

cially as regards concrete and reinforced concrete, and is depending

largely, if not entirely, on the results of these investigations, which will

enable it to formulate a report.

The Congress of the United States has now under consideration

an appropriation of $350,000 for the continuance of this work, and of

this amount $100,000 is to be devoted to structural materials, that is,

cement mortars and concrete. The appropriation will form an item

in the sundry civil appropriation bill, which will be reported to the

House of Representatives about the latter part of the coming month.

Your sub-committee on Masonry is deeply concerned in the passage

of this appropriation; indeed, its whole future work is dependent upon

securing this appropriation. It is very desirable, therefore, that every

member of this Association communicate with the member of Congress

from his respective district, and urge upon him the importance of this

appropriation.

We will now consider the report of the Masonry Committee, and

will hear the preliminary statement of the chairman, Mr. E. C. Brown.

(See report, pp. 579-601; discussion, pp. 605-624.)

The President:—The Committee on Records, Reports and Accounts

asks the unanimous consent of the convention to strike out the words

"bridges, trestles and culverts," and substitute the word "structures,"

in order that the conclusion may include bridges, trestles, culverts,

signals, etc.

The President :—We will next take up the report of the Committee

on Buildings. Mr. A. R. Raymer, chairman, will present the report.

(See report, pp. 625-631 ; discussion, pp. 633-640.)

The President :—We will now call on the Committee on Economics

of Railway Location to present a progress report.

INIr. W. McNab (Grand Trunk) :—The Committee on Economics

of Railway Location have simply to report progress. It is at work on

the particular lines of investigation that have been relegated to it, and

its first Bulletin will be issued as early as the matter that is now

in hand is gotten in concrete form.

The President:—The chair will ask the Secretary to read the names

of the new committees for the current year. (See list, pp. 754-7^4-)

The President :—The next business in order is the consideration

of the report of the Track Committee. Mr. Garrett Davis, chairman,

will present the report of the Committee. (See report, pp. 641-656;

discussion, pp. 657-666.)

The President :—The next report is that of the Committee on Water

Service. Mr. G. M. Davidson, the chairman of the Committee, will

rnake a preliminary statement. (See report, pp. 667-676; discussion,

pp. 677-680.)

The President :—We will now take up the report of the Committee

on Wooden Bridges and Trestles. In the absence of the chairman, the

vice-chairman. Prof. H. S. Jacoby, of Cornell University, will present

the report. (See report, pp. 681-713; discussion, pp. 714-725.)
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The President :—This concludes the consideration of the reports

of standing committees.

The chair desires to ofifer the following resolution for the con-

sideration of the convention:

"Resolved, That the thanks of the Association be extended to the

Committee of Arrangements for the efficient manner in which they have

performed their duties."

No doubt all present at the annual dinner last night and also

throughout the convention will fully appreciate the work of this Com-

mittee.

(The resolution was adopted.)

The President:—The Committee of Arrangements ofifer the follow-

ing resolution

:

"The Committee of Arrangements requests that the Board of Direc-

tion consider the subject of the adoption of an official badge for the

Association, and that consideration be given to the design of the pin

presented by this Committee to the President at the annual dinner last

night.''

(The resolution was adopted.)

The President:—The Secretary will now announce the result of the

election.

The Secretary :—The report of the tellers to canvass the ballots for

officers is as follows

:

Total number of votes, 257.

Vice-President (two years) :

Walter G. Berg 256
S. B. Fisher i

Secretary

:

E. H. Fritch 256
L. C. Fritch i

Treasurer

:

W. S. Dawley 257

Tzvo Directors (three years each) :

W. C. Cushing 255

J. P. Snow 252

J. B. Dickson 2
F. E. Turneaure i

D. W. Lum I

C. F. W. Felt I

J. H. Wallace i

The President :—You have heard the report of the tellers. The
gentlemen receiving the highest number of votes are declared elected.

Before adjourning, the chair desires to congratulate the Association

upon the attendance at this convention, which has been the largest in

the history of the Association. Over two hundred members were pres-

ent during the convention.

The meeting now stands adjourned for one year.

The next annual convention ivill be held at the Auditorium Hotel,

Chicago, III., March 19, 20 and 21. 1907.

E. H. FRITCH, Secretarv.



COMMITTEE

REPORTS AND DISCUSSIONS





REPORT OF COMMITTEE NO. XII.—ON UNIFORM
RULES, ORGANIZATION, TITLES, ETC.

To the Members of the American Raihvay Engineering and Maintenance

of Way Association:

The report of your Committee presented in 1902 recommended a

plan of organization, which, in discussion, developed a wide diversity

of opinion with no definite conclusion.

The Committee appointed in 1904, before taking the subject in

hand, unanimously concluded it would be inadvisable to attempt to for-

mulate any rules for a uniform plan of organization above certain posi-

tions, and in so far as uniform organization was concerned they would

stop with the office of Supervisor, leaving the roads to formulate such

an organization bej'ond that point as might best serve their conditions.

It is considered by your Committee that uniform rules are practicable

in so far as they might be made to pertain to general conditions, but

could not be made of general application if rules should be established

including methods and recommended practices. The Committee, having

proceeded on the line of formulation of as many rules for general

application and recommendation as possible, submitted a report in 1905,

which was received as a report of progress.

Your Committee resubmits the rules referred to, with the request

that the Association give an expression as to whether the Committee is

proceeding on the right lines, in order that the future work may be

useful.

The Committee has in contemplation the formulation of rules cover-

ing the following points : Protection in case of obstruction of track

;

condition of under, over and grade crossings and proper protection of

same ; reporting neglect of any department whereby train movements

would be jeopardized; personal attention to renewal or extraordinary

work.

Also the formulation of rules for the government of "Supervisors

of Structures" and "Supervisors of Signals."

19
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GENERAL RULES FOR THE GOVERNMENT OF EMPLOYES

OF THE

MAINTENANCE OF WAY DEPARTMENT.
ROADKAIL ^^Y

GENERAL NOTICE.

To enter or remain in the service is an assurance ot willingness to

obey the rules.

Obedience to the rules is essential to the safety of passengers and

employes, and to the protection of property.

The service demands the faithful, intelligent and courteous discharge

of duty.

To obtain promotion, capacity must be shown for greater respon-

sibility.

Employes, in accepting employment, assume its risks.

*A11 employes in the Maintenance of Way Department must do

all in their power to prevent accidents, even though in so doing they

may occasionally have to perform someone else's duty.

GENERAL RULES.

(i) The Maintenance of Way Department on each division is in

charge of .
.^.^° .^.^. ^ll'^!^- '." I'?, f '^"^^ .''!'^^:

^

. who will receive instructions

r , . .^ (To be filled in by each road.)
from and report to ;

(2) It will be subdivided under the following heads:

Supervisors of Track.

Supervisors of Structures.

Supervisors of Signals.

(3) Supervisors of Track to report to and receive instructions from
. (To be filled in by each road.)

(4) Supervisors of Track are responsible for the safe condition

and proper maintenance of the track and roadway. They must inform

themselves of the condition of structures, make temporary repairs of

such defects as may endanger or delay the movement of trains : and

promptly report defective condition to

*See amendment, page 22.
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(5) They shall employ, in the discharge of their work, such men

as are necessary for carrying out the duties for which they are respon-

sible.

(6) They must know that al! foremen are provided with sll rules,

circulars, forms, and special instructions pertaining to their duties and

that they fully understand and comply with the same.

(7) They must know that all foremen are supplied with tools and

material necessary for the efficient performance of their duties and must

see that they are properly cared for and used.

(8) In the execution of the work under their charge, they must

conform to the prescribed standards and plans.

(9) They will have immediate supervision of all work train service

for the maintenance of track on their division, and will employ such

service only when authorized by the ..}..^:'. , doing

work by other means as far as practicable and economical.

(10) In cases of obstruction or damage to track or roadbed, they

will go promptly to the spot with the force, tools and materials neces-

sary to effect clearance and repairs.

*(ii) They must investigate and report on form No. ... all accidents

occurring in their districts, which may be attributable to track, roadbed

or structures.

(12) They will see that no encroachment upon or occupancy of

any portion of the Company's right-of-way is permitted, except by

authority of the f^?V?:>

(13) They will permit no experimental trials of applicances or

devices not standard with the Company, or give out information of the

results of any trial, except by proper authority.

(14) They will keep general oversight of all work performed in

their district by contractors or others who do not come under their

direct charge, and see that nothing is done by them that will interfere

with the safety of track or movement of trains.

Respectfully submitted,

R. H. AiSHTON, General Manager, Chicago & Northwestern Railway,

Chicago, 111.. Chairman.

G. H. Webe, Chief Engineer. Michigan Central Railroad, Detroit, Mich.,

Vice-Chairman.

*See fimendment, page 22.
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J. H. Abbott, Bridge Engineer, Spokane International Railroad, Spo-

kane, Wash.

A. S. Baldwin, Chief Engineer, Illinois Central Railroad, Chicago, 111.

Robert Bell, Superintendent, Pennsylvania Railroad, Buffalo, N. Y.

C. N. Kalk, Chief Engineer, Wisconsin Central Railway, Milwaukee,

Wis.

E. L. Peckham, Vice-President and General Manager, Denver, Enid &

Gulf Railroad, Enid, Okla.

H. G. Prout, Vice-President and General Manager, Union Switch &

Signal Co., Swissvale, Pa.

R. O. Rote, Principal Assistant Engineer, Lake Shore & Michigan

Southern Railway, Cleveland, O.

H. J. Simmons, General Manager, El Paso & Southwestern Railway,

El Paso, Texas. Committee.

AMENDMENTS.

Employes in the Maintenance of Way Department must do all in

their power to prevent accidents, even though in so doing they may

occasionally have to perform some one else's duty.

Insert heading above Rule 3 : "Rules Governing Supervisors of

Track."

Rule 11: They must investigate and report on form No.... all acci-

dents occurring in their district which may be attributable to or result

in damage to track, roadbed or structures.



DISCUSSION.

The President :—In the absence of the chairman, the vice-chairman,

Mr. G. H. Webb, Chief Engineer of the Michigan Central, will present

the report of the Committee.

Mr. G. H. Webb (Michigan Central) :—Your Committee concluded

it would be inadvisable to attempt to formulate rules for a uniform plan

of organization above certain positions, and would not go above the

office of Supervisor, leaving each road to formulate such an organiza-

tion beyond that point as might best suit their conditions. The Com-

mittee considered that it was practicable to formulate rules pertaining

to general conditions, but that they could not be made applicable if

rules were established including methods and recommended practices.

The Committee would like to have the rules discussed, in order that

we may ascertain whether the work is proceeding along the right lines.

The President :—The chair would state that the general rules for

the government of employes of the Maintenance of Way Department

will be found on pages loo and loi of Bulletin 71. For the information

of the members the chair wishes to say that the "General Notice," at

the head of the rules, is taken from the standard code of the American

Railway Association. Mr. Johnston, are you prepared to open the dis-

cussion on the rules submitted?

Mr. A. W. Johnston (New York, Chicago & St. Louis) :—It seems

to me, in view of the method previously pursued at these meetings,

and as I presume some of the members have not read the rules care-

fully, the Secretary might, as usual, read the rules and then the gentle-

men who desire to comment upon them as we go along can do so. Per-

sonally, I have no extended criticism to make. I think the Committee,

in view of the scope which they chose for themselves in dealing with

the rules, have done very well. It is not an easy matter, as they well

say, to outline general rules covering an extensive department. I think

we had better go on as we have before and consider these rules seriatim.

The President :—The Secretary will take up the rules in order, and

as they are read, if there is no objection, he will proceed, and then a

general vote can be taken at the close. In regard to such clauses as arc

commented upon, special action will be taken.

The Secretary :
—"General Notice.—To enter or remain in the service

is an assurance of willingness to obey the rules. Obedience to the rules

is essential to the safety of passengers and omproyes, and to the pro-
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tection of property. The service demands the faithful, intelligent and

courteous discharge of duty. To obtain promotion, capacity must be

shown for greater responsibility. Employes, in accepting employment,

a.ssume its risks. All employes in the Maintenance of Way Department

must do all in their power to prevent accidents, even though in so doing

they may occasionally have to perform someone else's duty."

Mr. C. H. Ewing (Philadelphia & Reading) :—The word "All," at

the beginning of the paragraph in the section headed "General Notice,"

appears to be superfluous. The rule preceding it begins with "Em-

ployes." I suggest that the word "All" in the last paragraph be

eliminated.

The President:—If there is no objection, the word "All" will be

eliminated.

The Secretary:
—"General Rules.— (i) The Maintenance of Way

Department on each division is in charge of , who

will receive instructions from and report to

"(2) It will be subdivided under the following heads: Super-

visors of Track ; Supervisors of Structures, and Supervisors of Signals.

"(3) Supervisors of Track to report to and receive instructions

from the

"(4) Supervisors of Track are responsible for the safe condition

and proper maintenance of the track and roadway. They must inform

themselves of the condition of structures, make temporary repairs of such

defects as may endanger or delay the movement of trains; and promptly

report defective condition to

"(5) They shall employ, in the discharge of their work, such men
as are necessary for carrying out the duties for which they are re-

sponsible.

"(6) They must know that all foremen are provided with all rules,

circulars, forms, and special instructions pertaining to their duties, and

that they fully understand and comply with the same.

"(7) They must know that all foremen are supplied with tools

and material necessary for the eflficient performance of their duties, and

must see that they are properly cared for and used.

"(8) In the execution of the work under their charge they must

conform to the prescribed standards and plans.

"(9) They will have immediate supervision of all work train service

for the maintenance of track on their division, and will employ such

service only when authorized by the doing work by other

means as far as practicable and economical.

"(10) In cases of obstruction or damage to track or roadbed they

will go promptly to the spot with the force, tools and materials necessary

to eflfect clearance and repairs.

"(11) They must investigate and report on form No. . .. all accidents

occurring in their district, which may be attrilnitable to track, roadbed

or structures.
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"(12) They will see that 110 encroachnient upon cr occupancy of any

portion of the company's right-of-way is permitted, except by authority

of the

"(13) They will permit no experimental trials of appliances or

devices not standard with the company, or give out information of the

results of any trial, except by proper authority.

"(14) They will keep general oversight of all work performed in

their district by contractors or others who do not come under their

direct charge, and see that nothing is done by them that will interfere

with the safety of track or movement of trains."

The President :—The Committee desires an expression from the

Association as to whether they are proceeding upon the right lines, in

so far as the organization is concerned, and also of the rules submitted.

The chair would also ask if there are any suggestions for additional

rules.

Mr. I. O. Walker (Nashville, Chattanooga & St. Louis) :—In para-

graph II it is provided that "They must investigate and report," etc.

It seems to me that this department should also report on the result

of accidents whether they are due to the failure of the track, roadbed

or structures, or not. For example, a broken axle might tear a bridge

to pieces, and naturally a report from the operating department, which

has supervision of rolling stock, should follow. The Committee could

modify that somewhat as follows : "They must investigate and report

on form No. . . . all accidents occurring in their district which may be at-

tributable to or result in damage to track, roadbed or structures."

Mr. Johnston :—I second the suggestion of Mr. Walker. In my
own practice we make it obligatory upon the employes of each depart-

ment to exchange reports which afifect the efficiency of the depart-

ment, so far as accidents are concerned. Even though it might not

appear on the surface that a broken axle, or a broken wheel, or a

broken axle-box, or a broken truck affected the track, we find it ad-

vantageous to require an exchange of such reports and make the depart-

ment head responsible for its exchange of such reports with other de-

partments.

The President :—The Conunittee accepts the suggestion of Mr. Walker

as seconded by Mr. Johnston.

Mr. Ewing:—I want to question the general makeup of the rules.

Under the head of "General Rules," I notice there are specific duties

outlined for the Supervisors of Track. My suggestion would be that

the general rules should be defined under one head, and that the rules

for the Supervisors of Track, Supervisors of Structures, etc., cover the

specific rules of those men.

Mr. John V. Hanna (St. Louis & San Francisco) :— I think the

point just made is well taken, and that under the head of "General

Rules" we should irclude everything which is applicable to all branches

of the Maintenance of Way Department, and then under separate head-;

the specific duties that apply to the different branches.
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The President :—Do you make the suggestion in the form of ii

motion, Mr. Ewing?
Mr. Ewing:—Yes, I would make a motion that the general rules

contain such matter as is applicable to the heads of all departments, and

that the specific duties of each head of department be outlined under

a separate heading.

(The motion was seconded and carried.)

The President :—The chair desires to call attention to the effect

of the motion. At first it was thought it would require a redrafting

of the entire set of rules as printed, and that therefore the effect oi

the motion would be to refer the entire report back to the Committee,

but as the rules given in the report pertain only to Supervisors of

Track, it will simply be necessary to insert above Rule 3 a heading

"Rules Governing Supervisors of Track." Rules Governing Super-

visors of Structures, etc., could come in on a subsequent report. The

report can therefore be acted on as a whole or by individual sections.

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—The Committee

requests that the Association give an expression as to whether it is pro-

ceeding on the right lines, in order that the future work to be done

by it may be useful. I want to say that in general I think the Com-

mittee is proceeding upon right lines. Members who have attended these

meetings for the past five or six years will recall what difficulty this

Committee had in discovering a line of work which would be generally

useful to the Association. For several years no report was submitted

by the Committee, and the report now presented is, I believe, the second

they have submitted. The Committee has begun at the bottom of the

organization, instead of the top, and it is their intention, according to

their statement, to work from the bottom up. This, I think, is proper,

and the report now before us is certainly a step forward and one that

will be beneficial to the members of the Association. I would therefore

say that in a general way the Committee has taken the right step, .md

I hope that they will follow this up next year with specific rules for

the other heads of departments—Supervisors of Structures and Super-

visors of Signals.

The President:—The chair would suggest, Mr. Wendt, that you

make that in the form of a motion, so that it will be a matter of

record that the Committee is proceeding upon the right lines.

Mr. Wendt :—I make the motion that it is the sense of this con-

ven.tion that the Committee is proceeding upon proper lines. Personally,

I would like to supplement that motion and move that the report be

adopted and printed in the Manual of Recommended Practice. In my
judgment, as far as it goes, the report is fairly complete. Nc doubt

from time to time additional rules will be introduced under the heading

of "Supervisors of Track," but in accordance with our practice, the

Manual is supplemented from year to year.

(The motion was seconded and carried.^

Prof. W. D. Pence (Purdue University) :— T presume it is under-
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stood that the words "Rules Governing Supervisors of Track" will be

inserted above Rule 3.

The President:—Yes, that is the understanding.

Mr. Richard Mather (Erie) :—I would suggest that Rules 5, 6, 7, 8

and 13 be placed under the general rules.

The President:—The convention has heard the remarks of Mr.

Mather that rules 5, 6, 7, 8 and 13 be placed under the general rules.

Mr. Hanna :—Also rules 9 and 10.

The President :—Would not rules 9 and 10 come under the duties

of the Supervisor of Track and not under the general rules?

Mr. Hanna :—I think not. It says, they shall have supervision of

the work train service.

The President :—In the maintenance of track.

Mr. Hanna :—Plow about the work trains ?

The President :—That would come under the specific rules, as the

chair understands it, for Supervisors of Structures.

Mr. Hanna:—How about rule 10?

Mr. Webb :—The idea of the Committee was to hold the Supervisor

of Track responsible for the policing. It is his duty to police the road,

no matter whether it afifects signals or any other property. We expect

him to see that everything is all right. In all organizations that I

know anything about the Supervisor is responsible for the policing of

the roadway, and we wish to hold the Supervisor responsible for it.

That is the reason we phrased the clause as we did.

Mr. Johnston:—I can see no special objection to allowing these

rules to stand as they are and if we have connected with the rules

applying to use of signals those applying to other departments, no harm
can be done. We want to have the gentleman in charge of a special

department see all the rules which afifect his work.

The President :—The discussion is somewhat out of order, as the

report has been accepted. Unless there is other objection, the Com-
mittee will be dismissed with the thanks of the Association.

Mr. W. M. Camp (Railway and Engineering Review) :—Before the

Committee is • relieved, I wish to ask whether it would not be proper

to add another heading under paragraph 2—"Water Service." The
Atchison, Topeka & Santa Fe Railway, the Illinois Central Railroad, the

Missouri Pacific Railway, the St. Louis & San Francisco Railroad, and
some other roads have general officers in charge of water service.

The President:—The Committee state they will take cognizance' of

the suggestion in their work during the coming year.





REPORT OF COMMITTEE NO. III.—ON TIES.

To the Members of the American Raikvay Engineering and Maintenan^-e

of Way Association:

The report of this Committee, printed in Bulletin No. 60, February,

1905, was read by title at the last annual convention, but not discussed.

The Committee recommended in that report the adoption of certain

definitions; that the specification for ties, as amended, be adopted; that

the rules for tie records be adopted ; that the method of stamping,

in addition to the use of the dating nail, be adopted ; and also that ties

treated with mineral salts be seasoned from four to six weeks before

being laid in track.

During the present year the Committee has held two meetings, besides

one joint meeting with the Track Committee, acting on the instructions

of the Board of Direction to confer with the latter committee as to tie

spacing and size of ties for various conditions.

An effort was made to secure from the members of the Tie and

Track Committees their views upon the possibility of expressing in a

formula the most desirable length of ties, and spacing thereof, for three

types of track—ballasted track for heavy traffic; ballasted track for light

traffic, and unballasted track. It was suggested that the proper factors in

such a formula would be the engine axle load, the weight of rail, the

allowable bearing pressure of the rail on the tie, and of the tie on the

roadbed. Three axle loads, and also three weights of rail were sug-

gested; the weight of rail being intended to accord with the usual present

practice as to proportion to the axle loads. Several replies were received

to this request, but the consensus of opinion was that it was impossible to

express by formula any rule which would have any value. One member

of the Committee presented a letter in which he attempted to determine

the proper spacing, on the theory that the bending moment in the various

rails under their axle loads should be the same. This letter is printed

as an appendix to the report as being a suggestive study.

The Committee carefully considered the data on the subject of the

size of ties in use on the railroads of the country, as embodied in their

previous report (Bulletin No. 60), and concluded, in view of the in-

creasing length of spikes being used, to recommend that the standard

29
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thickness of tie be made 7 in. and in view of the great scarcity of tie

timber in this country, with the corresponding increased cost, that the

length of tie should preferably be 8 ft. Consequently it is recommended

that the standard tie be 7 in. by 8 in. by 8 ft.

The specifications for ties are resubmitted with the corrections, as

embodied in our report (Bulletin No. 6o), and with the following

changes in addition : The word "Cypress," under the heading of "Woods

to be used untreated," has been qualified by putting in parenthesis imme-

diately thereafter, "Except White Cypress." From the table of dimen-

sions classes F. and G. have been eliminated, F. being for a tie 6 by 7 in.

and G. for a tie 6 by 6 in. The marginal references have been corrected

as follows : "Piling Ties" to read, "Piling Untreated Ties," and a nev/

paragraph has been inserted covering "Piling Treated Ties." A provision

in the paragraph relating to "Piling Untreated Ties" has been added to

the effect that they must be marked with the date when piled, as well

as with the owner's name.

The definitions for "Heart Tie," "Half-Round Tie," "Face," and

"Cross-Tie," which have not been acted upon by the Association, are

resubmitted. A definition for "Sawed Tie" is presented and previous

definitions adopted by the Association for "Score Marks" and "Doty

Tie" are amended.

The Committee was directed to submit rules for marking ties, and

also to resubmit specifications for dating nail. In the previous report

instructions for marking the ties by the use of dating nails were sub-

mitted. In the instructions given for keeping and reporting tie records,

it is recommended that, in addition to the use of the dating nails, all

ties be stamped at both ends. Embodied in our specification for dating

nail, the dimensions of these nails are given. The Committee is not at

all sure that the specification for dating nail is sufficient; it is quite ques-

tionable in our judgment as to the possibility of the steel nail giving

satisfactory service. In previous reports attention has been called to

the very short life of galvanized nails in some instances, and the Com-

mittee has endeavored to ascertain the cause. It will be a great

misfortune if nails which are placed in the ties for the purpose of

identifying them ten years hence should fail to have as long a life as

the tie. One member of the Committee reports as to the practice on the

Pennsylvania Lines

:

"Until within a year ago the dating nails used by this company were

made of copper. It was found that these copper nails were being pulled

out of the ties by boys and others, presumably on account of their intrinsic

value, and wc have for the last year, or year and a half; been using

galvanized wire for our dating nails. The material in these dating nails
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is steel; we have not so far specified the amount of carbon—the less

carbon, the less corrosion, as a rule. I would therefore suggest that we
specify that iron be u.sed for dating nails instead of steel.

"It is a well-known fact that the Western Union Telegraph Company's
wire has a considerably longer life than our galvanized fence wire. Under
extremely unfavorable conditions this telegraph wire lasts from 8 to lo

years, and under ordinary conditions obtaining along railroads it lasts

about 30 years. This very long life is in my judgment due not only to

the quality of galvanizing, but, without doubt, mostly to the fact that

the wire is made out of iron.

"We have on one of our western lines a telegraph wire, which was
put up in 1856, and is still in service, and in fairly good condition. This

was originally a No. 9 wire, and is at present very little decreased in

size. I am told that this is an iron wire which was boiled in oil before

being put up.

"It may be advisable to make some experiments with iron wire boiled

in oil and iron wire galvanized, and with steel wire boiled in oil and
steel wire galvanized, with a view of determining the life under unfavor-

able conditions"

The Committee at one meeting voted to specify the amount of carbon

which the steel nails should contain, but concluded that this is inexpedient,

and believes, before attempting to specify what is necessary, further efforts

be made to determine what the facts are. The specification for dating

nail as amended is resubmitted, believing that while it may need cor-

rection, it will insure uniformity of size if adopted.

The rules offered in Bulletin No. 60 for the keeping of tie records

are resubmitted herewith.

In previous reports the results of the use of treated ties on various

roads have been given, and as this is all accessible it is unnecessary to

repeat it. Nothing has developed during the past year to change the

conclusions as to the value of treatment. Whatever new evidence

has been found has been simply confirmatory of the favorable conclusions

of previous years. There has been no large inci^ase in the number of

ties treated during the past year. There can be no question but that the

more general adoption of treatment would inure largely to the benefit

of the railroads. Unfortunately the policy of many roads is to refuse

to consider the matter when the price of ties is weak, because of the

temporary cheapening of the supply ; and to refuse to embark in it when

the price of ties is high, because then it is impossible to contract for a

supply of ties except at the higher prices. There has been a report

made during the month of December, 1905, on the ties laid in the

experimental track of the Gulf, Colorado & Santa Fe in Texas. These

ties have been reported on by this Committee in previous years, and by
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reference thereto the inimher of ties of each kind, and details as to

treatment or non-treatment can be secured. It will be remembered

these ties were treated and laid under the direction of the Bureau of

Plant Industry of the Department of Agriculture of the United States.

This latest report is too much in detail to be reproduced, but the general

results are to demonstrate the value of the zinc-chloride and zinc-creosote

methods. The benefit of the treatment is shown more on certain

species than on others; for instance, of the 91 red oak ties laid in track

without treatment, 82 have already been removed, while of the 9 still

in track two show decay. All of the red oak ties treated by the zinc-

chloride, the Wellhouse and the zinc-creosote (two-injection) processes,

are in good condition. Of the 49 tamarack ties laid, four-fifths were

removed in February, 1905, because of rottenness. The ties of the same

species, treated by the methods mentioned above, are all in good con-

dition. The same comment applies to the loblolly pine ties, of which

the 100 untreated were all removed in May, 1904, being rotten. The

ties treated by the usual methods are in good condition. Of 42 tiei

immersed for 48 hours in Beaumont crude oil, 40 were removed in

September, 1904, being rotten. Of 100 imm.ersed in Spirittine,, Ho had

been removed up to Sptember, 1904. Of the 93 untreated long-leaf pine

ties, 85 were removed in November, 1904. Of 100 short-leaf pine ties

untreated, 55 had been removed up to February, 1505, being rotten,

while of those still in track only 13 are reported as being in good

condition. Of lOi hemlock ties, untreated, all were removed in Septem-

ber, 1904, being rotten. Of 100 beech ties, 97 have been removed, being

rotten. In all of the above cases the ties treated by the zinc-chloride,

the Wellhouse and zinc-creosote (two-injection) processes have given

good results, except in the case of certain ties treated with the zinc-

creosote, which were badly overheated in steaming, and which have gone

lo pieces therefrom. The ties treated by the Hassellman process have

given in general unsatisfactory results. The ties which have shown the

best results by this treatment have been the white oak and the long-leaf

pine, both of which are supposed to give good results without treatment.

It will be remembered that it is claimed these ties given the Hassellman

treatment were not properly treated. What bearing this may have on

the results is unknown. The only ties treated with Spirittine, besides

the loblolly previously mentioned, were 100 long-leaf pines, of which 7

show decay, one is badly split, while the rest are in good condition.

The Committee has thought it desirable to attempt the preparation of

general specifications covering the various kinds of treatment, and submit

these specifications for the consideration of the Association. It is not
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asked that they be adopted, as it is believed it will be wiser to have them

thoroughly considered and discussed before this is done. The Commit-

tee has not written specifications for all forms of treatment, confining

themselves to those regarding which they have some knowledge, and

which were neither secret or patented. In some respects the Committee

recognizes the specifications could be made more complete. It has been

our effort, however, to write a specification which shall be reasonable,

and which we can reasonably hope may be generally adopted. As an

appendix two letters are printed—one from a member of the Committee

who was unable to be present at the last meeting, containing some

criticisms and suggestions, and another from Mr. J. Kruttschnitt.

CONCLUSIONS.

Your Committee submits the following conclusions

:

(i) That the specifications for ties, as amended, hi approved.

(2) That the definitions submitted herewith be adopted.

(3) That the specifications for dating nail be approved.

(4) That the rules for tie records be approved.

(5) That the standard tie be 7 in. by 8 in. by 8 ft.

(6) That the specifications for tie treatment be discussed and

referred back to the Committee for further consideration.

Respectfully submitted,

E. B. CusHiNG, General Superintendent, La. & Texas Lines, S(^u. Pac.

Co., New Orleans, La., Chainnan.

W. W. Curtis, Consulting Engineer, Chicago, 111., Vice-Chairman.
E. G. Ericson, Principal Assistant Engineer, N. W. System, Pennsylvania

Lines, Pittsburg, Pa.

E. O. Faulkner, Manager Tie and Timber Dept., Santa Fe Railway Sys-

tem, Topeka, Kan.

C. F. W. FiLT, Chief Engineer, G., C. & S. Fe Ry., Galveston, Texas.

E. E. Hart, Chief Engineer, New York, Chicago & St. Louis Railway.

Cleveland, O.

V. K. Hendricks, Division Engineer, Baltimore & Ohio R. R., Baltimore.

J. C. Nelson, Division Engineer, Alabama Great Southern Railway,

Birmingham, Ala.

S. M. Rowe, Consulting Engineer, Chicago, 111.

H. R. Safford, Assistant Chief Engineer, Illinois Central R. R., Chicago.

Dr. Hermann Vcn SchrenKj Pathologist, Dept. of Agriculture, St. Louis.

Committee.

3
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SPECIFICATIONS FOR TIES.

RECOMMENDED STANDARD SPECIFICATIONS.

The following woods may be used for tie timber without any preserva-

tive treatment

:

White Oak family.

Long-leaf strict heart yellow pine.

Cypress, excepting the white cypress.

Redwood.

White Cedar.

Chestnut.

Catalpa.

Locust, excepting the honey locust.

Walnut.

Black Cherry.

The following woods shall preferably not be used for tie timber with-

out a preservative treatment approved by the purchaser:

Red Oak family.

Beech.

Elm.

Maple.

Gum.
Loblolly, short-leaf, lodgepole. Western yellow pine, Norway,

North Carolina pine and other sap pines.

Red Fir.

Spruce.

Hemlock.

Tamarack.

All ties must be well and smoothly hewed or sawed out of straight,

growing timber of specified dimensions and out of wind, sawed ends, with

straight and parallel faces, the minimum width of either face to be not

less than that given in the table of dimensions. All ties must have bark

entirely removed before being delivered on the company's ground. Ties

shall be free from splits, shakes, loose or decayed knots or any other

imperfections which may impair their strength or durability.
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DIMENSIONS.

Except in pole ties with rounded sides, or in half-round ties, none Dimensions,

shall be less than eight (8) in. width of face, and in no tie shall the thick-

ness be less than six (6) in. A variation in size will be permitted of

one-half (i/$) in. over in thickness, two (2) in. over in width and one (i)

in. over in length.

In pole ties with rounded sides and half-round ties, the width of face A^llowable
Variation.

may be less than that given in the table of dimensions below, but the least

area of cross-section shall be not less than the area corresponding to the

tabular dimensions, and in no case shall the width of face be less than

six (6) in.

TABLE OF DIMENSIONS.
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-al of All rejected ties must be removed from the company's right-of-way

cd ...
within ten days after notice is given.

Ties treated with a water solution, like zinc-chloride, particularly

"*^

Red Oak and Beech ties, must be piled in close piles on well drained

ground, to prevent checking.

of Ties shall be cut, as far as possible, in the winter period; that is,

'^'
from October to March.
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DEFINITIONS.

Cross-Tie.—That transverse member of a railway track which supports

the rails and by means of which they are retained in position.

Sawed Tie.—A tie having both faces and sides sawed.

Half-Round Tie.—A slabbed tie which has greater width on lower than

on top face.

Heart Tie.—A tie which shows sapwood on one or two corners only and

which sapwood does not measure more than one inch on either

corner, on lines drawn diagonally across the end of tie.

Doty Tie.—A tie which is affected by fungous disease.

Score Marks.—Marks made by the ax as an aid in hewing.

Face.—The upper or lower plane surface of a tie.

SPECIFICATIONS FOR DATING NAIL.

The nail shall he yi.-\n. in diameter, 2l4 in. in length, with head Mater

5^-in. in diameter, having stamped therein two figures designating the

year ; the figures to be 5^-in. in length and depressed into the head

i^-in., made of iron or steel, galvanized with a coating of zinc, evenly

and uniformly applied, so that it will adhere firmly to the surface of

the steel.

Any specimen shall be capable of withstanding the following test: Test.

The sample shall be immersed in a standard solution of copper sulphate

for one minute and then removed, immediately washed in water thor-

oughly, and wiped dry. This process shall be repeated. If after the

fourth immersion there is a copper-colored deposit on the sample or

the zinc has been removed, the lot from which the sample was taken

ihall be rejected.

The standard solution of copper sulphate shall consist of a solution chem
of 34-5 parts of crystallized copper sulphate in loo parts of water. This

solution will have a specific gravity of 1.185 at 70 degrees Fahrenheit.

While a sample is being tested, the temperature of the standard solution

shall at no time be less than 60 degrees Fahrenheit rior more than 70

degrees Fahrenheit.
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RULES FOR TIE RECORDS.

Section foremen will be provided with daily record blanks having

space for each day of the month to record the number of treated ties put

into track that day and the number taken out the same day, the latter

being according to the cause necessitating their removal, whether rot-

ten, broken, burned or rail cut. They must also show the year in

which these tics were treated as indicated by the stamp and by the

dating nail. The section foreman must make these records each day,

and at the end of each month the daily record must be forwarded

to the proper superior officer. If no treated ties have been taken out

or put into track during the month, section foremen must so note on

report.

Treated ties already in track, but taken up and relaid on another

part of the same section, need not be inserted on this report as ties

taken out or put in.

Section foremen must see that a dating nail is driven in the upper

side of every treated tie when it is first laid in the track, about ten

inches inside of the rail, and on the line side of the track. The tie

shall be laid with the end having the year stamp on it on the line side

of the track. A supply of these nails must be carried on the hand-car

whenever any ties are to be laid, and dating nail must be driven the

same day the tie is put in.

Foremen must be especially careful to see that neither they nor their

men injure or destroy the marks or nails intended to identify the ties.

At the end of each year all dating nails for that year remaining on

hand and unused must be returned to the storekeeper, and requisition

made for a new supply stamped with the following year.

It is recommended that, in addition to (he use of the dating nail,

each tie be stamped at the treating plant, before treatment, with the

year; and, preferably, be stamped on both ends.
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SPECIFICATIONS FOR TIE TREATMENT.

GENERAL REQUIREMENTS.

No ties shall be treated earlier than 90 days after cutting and piling

in open spaces to season, if of pine; or 120 days if of oak; and for

other timbers for such period as is necessary to bring them to a cor-

responding degree of seasoning. If this is done prior to receipt at the

treating works, ties may be loaded direct from the cars to the trains

;

otherwise they must be unloaded on the ground, stacked in piles eight

(8) ft. square, with two ties only in bottom layer and two and seven in

every alternate layer, except the top one, which shall be laid close with

an extra tie under one end to form a rain shed. The outside ties in each

layer shall be placed on edge to provide an air space above each layer.

The piles shall be placed ten (10) ft. centers in one direction and nine

(9) ft. centers in the other direction. When so stacked, tics shall be al-

lowed to season for a time at least sufficient to make up the 90 and 120

days required, or other time necessary to thoroughly air season. Ties

treated in the same run shall be as nearly as possible uniform in kind

and degree of seasoning. No ties should be put into the cylinder which

do not conform to the requirements of the tie specifications as to shakes,

checks, etc. All ties which show signs of checking should be provided

with some means for preventing further checking, either by means of

"S" irons, bolts, or other device, in order to prevent further checking

during and after treatment, which would be liable to render the tic

worthless. Where ties are to be adzed or bored for subsequent insertion

of tie-plates or screw spikes, such adzing and boring should in all

cases be done before treatment.

When in condition to treat, the ties shall be placed in the cylinders,

the door closed and live steam admitted at such rate as to secure /o

lbs. of steam pressure within 30 to 50 minutes, as shown by gage con7

n^cLed to the cylinder. This pressure shall be maintained for periods

varying from one 'to five hours, depending upon the character of the tim-

ber and its condition ; but the pressure as indicated on the gage shall at

no time be allowed to exceed 20 lbs. Where the timber is absolutely air-

seasoned and it is possible to secure the desired penetration witliout

steaming, this may be omitted entirely,, subject to the approval of the

purchaser. Duririg the time of steaming a vent shall be kept open in., the
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bottom of the cylinder or in the drain therefrom to permit the escape

of air and the condensed water in the cylinder.

When the steaming is completed the steam shall be blown off, and

a vacuum of not less than 24 in. of mercury produced, if the works are

located at sea level, or a corresponding degree of vacuum produced at

higher altitude.*

ZINC CHLOKIEE TREATMENT.

This vacuum shall be maintained for at least one-half hour, at the

expiration of which time zinc chloride shall be admitted without other-

wise breaking the vacuum ; a pressure of too lbs. per sq. in. applied, and

maintained until the desired absorption is obtained. The amount of

solution injected shall be equivalent to ^-Ib. of dry soluble zinc chloride

per cubic foot of timber. The solution .shall be as weak as can

be used, and still obtain the desired absorption of zinc chloride, and

shall not be stronger than 5 per cent. The solution shall be heated

to a temperature of not less than 140 degrees before admission to the

cylinder. If the cylinders are provided with steam coils, steam pressure

shall be maintained in these coils during treatment.

The zinc chloride used shall be as free from any impurities of

any kind as is practicable, being slightly basic, absolutely free from

free acid, containing not more than y§§jy of i per cent, of iron. The

amount of chloride specified to be injected shall be of soluble zinc

chloride only. The amount of solution absorbed shall be determined

by calculation based on the gage readings of the tank holding the sup-

ply of solution. The strength of the zinc-chloride solution must be care-

fully controlled from time to time by hydrometer readings. Borings

should be taken from time to time from at least six ties treated in the

same run, and a determination of the actual zinc chloride according to

the standard method should be made. The holes made in taking these

borings to be plugged tightly and completely with creosoted plugs.

ZINC TANNIN TREATMENT.

This vacuum shall be maintained for at least one-half hour, at the

expiration of which time zinc chloride shall be admitted without other-

wise breaking the vacuum ; a pressure of 100 lbs. per sq. in. applied, and

maintained until the desired absorption is obtained. The amount of

solution injected shall be equivalent to yi-lh. of dry soluble zinc chloride

per cubic foot of timber. The solution shall be as weak as' can be

used and still obtain the desired absorption of zinc chloride, and shall

•The General Reriuirements above apply to each of the following treat-
ments. If used in specifications for the purchase of ties or for treatment,
these paragraphs should be followed only by the particular treatment re-

quired.
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not be stronger than 5 per cent. The solution shall be heated to a

temperature of not less than 140 degrees before admission to the cylin-

der. If the cylinders are provided with steam coils, steam shall be main-

tained in these coils during the entire treatment.

After the required amount of zinc chloride has been injected this

solution shall be run off and the ties allowed to drain for 15 minutes.

The chloride draining off shall be blown or run off, and a 2 per cent,

solution of tannic acid, made by mixing 6% lbs. of 30 per cent, extract

of tannin with 100 lbs. of water, run in, and a pressure of 100 lbs.

produced and maintained one-half hour. This shall then be run off, a

I per cent, solution of glue (made by dissolving 2 ^^ lbs. of glue con-

taining 50 per cent, gelatine, in 100 lbs. water) shall be admitted to

the cylinder and a pressure of 100 lbs. produced and maintained for

one-half hour. Care shall be taken to maintain the solution containing

the glue and tannic acid up to their original strength in these elements.

The zinc chloride used shall be as free from all impurities of any

kind as is practicable, being slightly basic, absolutely free from free

acid, containing not more than jI^jj of i per cent. iron. The amount of

chloride specified to be injected shall be of soluble zinc chloride only,

rhe amount of solution absorbed shall be determined by calculation

based on the gage readings of the tanks holding the supply of solution.

The strength of the zinc-chloride solution must be carefully controlled

from time to time by hydrometer readings. Borings should be taken

from time to time from at least six ties treated in the same run, and

a determination of the actual zinc chloride according to the standard

method should be made. The holes made in taking these borings to be

plugged tightly and completely with creosoted plugs.

CREOSOTING.

This vacuum shall be maintained for at least one-half hour, at

the expiration of which time dead oil of coal tar shall be admitted

without otherwise breaking the vacuum; a pressure of 100 lbs. per sq. in.

applied, and maintained until the desired absorption is obtained. The

amount of dead oil to be injected shall be that provided for in the con-

tract for ties ; suggested to be 10 lbs. per cubic ft. The dead oil shall be

heated to a temperature of not less than 140 degrees before admission

to the cylinder. All cylinders must be provided with sufficient steam

coils to fully maintain this temperature during injection, steam pressure

being maintained in these coils also during vacuum. The dead oil shall

comply with the standard specifications therefor, as determined by
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standard methods of analysis. The amount of oil absorbed shall be

determined by calculation based upon gage readings taken before the

introduction of the oil into the cylinder and after forcing back the oil

after treatment.

All oil shall be analyzed when received at the works; these samples

being taken in the manner prescribed by the specifications for oil. At

least once during each week samples of oil shall be taken from the cyl-

inders during the treatment and analyzed to determine if the water in

the oil exceeds the limit in the specifications. If so, a correspondingly

greater amount shall be injected. If this amount of water exceeds lo

per cent., steps shall be taken before it is used to remove the water, so

as to bring the oil within the limits of the specifications.

WELLHOUSE TREATMENT.

This vacuum shall be maintained for at least one-half hour, at

the expiration of which time zinc chloride containing ^ of i per cent,

of glue shall be admitted without othervv^ise breaking the vacuum ; a

pressure of lOO lbs. per sq. in. applied, and maintained until the desired

absorption is obtained. The amount of solution injected shall be equiv-

alent to J/2-lb. of dry soluble zinc chloride per cubic foot of timber.

The solution of zinc chloride shall be as weak as can be used, and still

obtain the desired absorption of zinc chloride, and shall not be stronger

than 5 per cent. The solution shall be heated to a temperature of not

less than 140 degrees before admission to the cylinder. If the cylinders

are provided with steam coils, steam pressure shall be maintained in

these coils during the entire treatment.

After the required amount of zinc chloride and glue has been

injected, this solution shall be run off and ties allowed to drain for

15 minutes. The chloride and glue draining off shall be blown or run

off and a ^ of I per cent, solution of tannic acid run in, and a pressure

of 100 lbs. produced and maintained ij^ hours. Care shall be taken to

maintain the solution containing the glue and tannic acid up to their

original strength in these elements.

The zinc chloride used shall be as free from any impurities of

any kind as is practicable, being slightly basic, absolutely free from free

acid, containing not more than f§f^ of i per cent, of iron. The amount of

chloride specified to be injected shall be of soluble zinc chloride only.

The amount of solution absorbed shall be determined by calculation

based on the gage readings of the tanks holding the supply of solution.

The strength of the zinc-chloride solution must be carefully controlled
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from time to time by hydrometer readings. Borings should be taken

from time to time from at least six ties treated in the same run, and a

determination of the actual zinc-chloride according to the standard

method should be made. The holes made in taking these borings to be

plugged tightly and completely with creosoted plugs.

TWO-INJECTION ZINC CREOSOTE.

This vacuum shall be maintained for at least one-half hour, at the

expiration of which time zinc chloride shall be admitted without other-

wise breaking the vacuum : pressure applied and maintained until the

desired absorption is obtained. The amount of solution injected shall

be equivalent to i^u-lb. of dry soluble zinc chloride per cubic foot of

timber. The solution shall be as weak as can be used, and still obtain

the desired absorption of zinc chloride, and shall not be stronger than

5 per cent. The solution shall be heated to a temperature of not less

than 140 degrees before admission to the cylinder.

The solution of zinc chloride shall then be run out, and dead oil

of coal tar immediately admitted to the cylinder, pressure applied of

ICO lbs. per sq. in., and oil injected into the ties to the average amount

of 3 lbs. of oil per cubic foot of timber. The oil shall be heated to

a temperature of not less than 140 degrees before admission to the

cylinder. All cylinders must be provided with sufficient steam coils to

fully maintain this temperature during injection, and steam shall be

maintained in the coils also during injection of the zinc chloride and

during vacuum. The dead oil shall comply with the standard specifica-

tions therefor, as determined by standard methods of analysis. The

amount of oil absorbed shall be determined by calculation based upon

gage readings taken before the introduction of the oil into- the cylinder,

and after forcing back the oil after treatment.

All oil shall be analyzed when received at the works; these sam-

ples being taken in the manner prescribed by the specifications for oil.

At least once during each week samples of oil shall be taken from the

cylinders during treatment and analyzed to determine if the water in the

oil exceeds the limit in the specifications. If so, a correspondingly

greater amount shall be injected. If this amount of water exceeds 10

per cent., steps shall be taken before it is used to remove the water, so

as to bring the oil within the limits of the specifications.
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APPENDIX.

Mr. J. Kruttschnitt (Union Pacific and Southern Pacific—by let-

ter) :—I have read over with some care the proposed specifications for

treating timber with zinc chloride and dead oil of coal tar, and the

following suggestions occur to me

:

I think some stress should be laid on the fact that no one method

of treatment can be prescribed that will suit all kinds of timber,

different woods require entirely different treatments, as is evidenced

by the fact that we are not able to adopt a standard treatment

that will do for all of our lines; for instance, for the Wyoming
mountain or lodgepole pine, and for the Louisiana and Texas yellow

pines, we prescribe 90 days for air-seasoning and find that this reduces

the time of treatment and is in every way beneficial, while on the

Pacific Coast it is found that the Douglas fir, which we use to a great

extent for tie timber, takes the treatment best without seasoning.

We doubt whether bolts, "S" irons, or other devices will be of any

benefit to prevent ties that are badly checked from checking further.

We think the specifications should be rigidly enforced, and would not

attempt to treat badly shaken or checked ties.

All machine work to be done on timber should, without doubt, be

done before treatment.

We have found it best at all of our works to apply a vacuum

before admitting live steam. We think it promotes the seasoning of the

timber by removal of the fermentable sap, the retention of which serves

to promote decay.

We raise the steam pressure to 25 lbs., but prefer to specify the

temperature above which the timber shall not be heated rather than

the steam pressure.

We have found with Pacific Coast timbers that they are not injured

if the (upper grade of) temperature be limited to 280 degrees Fahren-

heit, and the Eastern yellow pines are not injured if the temperature

be limited to 250 degrees Fahrenheit.

We use a pressure of 125 lbs. to 145 lbs. per sq. in. for forcing the

chloride into the ties.

We use only one-half the amount of dry chloride per cubic foot

(our specifications call for 14-lb.) that the Committee recommends, and

we never allow the solution to go as high as 5 per cent. Our standard

solution is 1.7 per cent., and we do not permit it to rise above 2.5 per

cent, as a maximum.

While the heating of the solution is all right, we see no reason
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in biirnettizing why the cyHndtrs should be provided with steam coils.

It is an added expense, and an added device to rust out and be corroded

by the chloride of zinc.

Creosoting.—The amount of creosote" per cubic fool of tie seems to

us ample. While we do not use this treatment for ties, we have used

it extensively for trestle timbers and bridge ties and have never had

any trouble with timber impregnated with this amount of oil. We
heat the oil rather higher than the Committee recommends before admis-

sion, using a temperature of from 170 to 180 degrees Fahrenheit.

The method of measuring the solution absorbed, by gage readings

on the tank holding the stock rupply of the solution, is fallacious, unless

the coefficient of the measuring tank is obtained for correction. The

apparent injection of both zinc chloride and creosote may be simply

evidence of compression of bubbles of air, gas, etc., in the timber.

I quote clauses of our specifications bearing on this subject:

"At regular intervals 01 about 30 days during operation and when-
ever there is a change in the character of the timber to be treated,

make a coefficient for the measuring tank as follow^s

:

"When injecting, pump from the measuring tank into the retort the

exact net number of inches theoretically required for the timber, with-

out coefficient of any kind ; let off^ pressure from bottom of retort

through a pipe into and over top of measuring tank ; note exact inches

returned; subtract this from the theoretical number of inches. This
gives the inches remaining in the retort. Then the ratio of 100 times

the inches flowing back to the inches remaining gives the percentage

to be added, in every case, to the theoretical inches required. Example

:

60 in. required theoretically;

12 in. flowed back

;

— 100x12

48 in. remaining; then = 25 per cent., the coefficient required.

48

This coefficient is the addition to be made to the theoretical amount
to be pumped from the measuring tank into the timber.

"This must be corrected at intervals not exceeding two days

(preferably each day at noon) by taking stock of material used in a

given interval and the amount of timber treated in the same interval.

These pounds of preservative material divided by the cubic feet of tim-

ber treated should correspond to the amount of preservative per cubic

foot desired."

In creosoting, the individualities of the timbers treated must be

consulted. The method given in the proposed specifications is that

long in use in the East, but it is absolutely inapplicable to Douglas fir.

With Douglas fir, our standard method of treatment is to run

the trucks into the cylinder, close the door, fill with creosote (120

degrees to 140 degrees Fahrenheit), open up the vents and allow the

vapors to pass out under atmospheric pressure through the condenser,

which is only for use in measuring the rate of vaporization and recov-

ering a certain amount of light oil which is carried over mechanically

during the process. When the timber is properly dried, fill the tanks
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with creosote, close the vents, and put on pressure, injecting oil from
the measuring tank.

At our works in Texas we use the method outlined by the Com-
mittee, heating the oil up to 170 or 180 degrees Fahrenheit before

admission.

A standard analysis for the oil is much to be desired, but we

do not know that there is one.

Mr. E. O. Faulkner (Santa Fe—by letter) :—In regard to the

proposed specifications governing method of piling ties before treat-

ment, as also the several different forms of the treatment itself—it

seems to me the Committee is undertaking quite a task in attempting

to frame specific rules governing these matters in such a wide territory

as that covered by the Association, and they probably will not be

followed excepting where they agree with local conditions or practice.

Take the question of piling ties to start with ; we have given

some attention to this matter, and for that reason fully realize its

importance, but find that for the climate and woods of Eastern Texas,

where the rainfall is heavy, and at certain seasons of the year the

atmosphere very warm and humid, the form most suitable there is

not suited to the climate and woods of the Rocky Mountain region.

In East Texas our ties are hauled to the right-of-way, inspected and

brought into the Somerville storage yard as quickly as possible after

making, and there piled on the 1x8 plan, so as to give the best oppor-

tunity for quickly drying out and for the rain to fall off. We tried

the same plan in New Mexico, but found the hot sun and dry air

seasoned the outside of the ties so fast that they checked badly, so

we make piles yy."], with the outside ones on edge where the shape

will permit, just as suggested. In the case of cypress ties, we pile

them as solid and close as possible in order to hold the water or sap

in the wood. As to the time of drying; this, too, depends somewhat

on local conditions. Accompanying this letter are some blue prints

of ties we have been testing for piling and length of time in seasoning

before and after treatment (Burnettized) at Bellemont, Ariz. On
Fig. 6 the difference is shown between the time of seasoning in

the summer months as compared with the winter, where ties cut in

June had lost 33.1 per cent, of their weight in the first 30 days and

in the next 90 the total additional loss in weight was only 1.6 per

cent. In Figs. 7 and 8 I do not think we got absolutely green ties. Now
compare these with Fig. 5 for ties cut in December, and it will be seen

that they were held six months before the loss in weight equaled 30

days in Fig. 6, and, further, that until the warm spring days, practically

no decrease in weight occurred after the first month. The prints

have not been carried past October, but there is sufficient on them to

show the different conditions that govern in this country of ours, and,

in my opinion, each one must work out his own salvation, as we are

trying to do. It is not much trouble or expense to make these tests,

and they beat working in the dark. I think if the Committee will urge
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and encourage the officials of roads in different parts of the country

to do a little investigation on their own account, it may in the end
produce better, if not quicker, results than trying to get them to adopt

something which may not fully suit their conditions, and concerning

which they really do not appreciate the importance.

Before discussing the various treatments, let me say there is one

feature the Committee has not touched upon, that I think is equally,

if not more, important, than the seasoning ahead of treatment, and
that is the seasoning after treatment where a water solution is used.

If we expect the best results out of treated inferior woods, we must
give them a fair show, and this is not done in putting them in the

track just as soon as they are received after treatment, when they

have probably 70 or more pounds of water in each tie : and when some
of this water will squirt out as the spike is driven. What can one

expect from a soft pine tie under such conditions but rail-cutting,

loose and damaged spikes and unsatisfactory service? A year ago one

of the leading roads in the West wrote our people in Chicago that

they noticed their treated ties were corroding spikes, and asked for

our experience; the matter was referred to me, and after full investi-

gation I reported that, in my opinion, where the ties were allowed

to properly dry out before insertion, the damage from corrosion was
scarcely noticeable, but where the contrary was the case, then some
corrosion took place ; but, even then, nothing like so serious as to

give concern. The doctors said that for certain chemical reasons this

could not be, but as I produced both corroded spikes and tie-plates,

I heard no more about it. Now that so many roads are using Burnet-

tized or Wellhouse ties, special attention should be called to the neces-

sity of seasoning after treatment, even if more ties are ordered to

admit of this, as I believe it would pay good interest on the investment.

Now as to treatments ; as the Committee knows, we are adopting

the Rueping process at Somerville, while continuing Burnettizing in

New Mexico and Arizona. We use half a pound of dry zinc-chloride

to the cubic foot ; the Southern Pacific uses a quarter of a pound

;

the Union Pacific four-tenths ; the Great Northern, I believe, some-
thing over a pound. I hardly think these roads will change their

methods simply because the Committee says half a pound is the cor-

rect quantity. If the Committee is going into this subject, I would
suggest that it be in the nature of a recommendation rather than as

an absolute proposition, as being more likely to produce results, but

if it does not, then the Committee is in a better position than other-

wise. Twenty pounds steam pressure is provided for; where- cylinders

are well jacketed, this may be sufficient, but where they are not, I

think allowance should be made for local conditions, outside tem-

perature, etc. From one to five hours' steaming is laid down, de-

pending upon the character of the timber and its conditions ; would
this be sufficient in the case of Oregon fir? I do not know, and have
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asked the Government officials if they have any tests on Pacific Coast

timbers, but they say not. The period covers the time of our steaming,

as we pile the timber long enough for good seasoning beforehand;

but, as I said before, I have also shown there are portions of the year

where 90 days does not accomplish much. The Committee also stipu-

lates that the solution should be heated to 140 degrees; is there any

special significance in this temperature, or is it simply such as might

be expected to accomplish results? It is possible in some of the oldest

plants there are no heating coils in the cylinders, neither thermometer

flanges, nor sap drums, and I believe the Committee should recommend

that in any new plants hereafter put up these appliances should cer-

tainly be provided ; it would probably be done in any case, and this

would emphasize the importance.

Creosoting Treatments : One hundred pounds pressure is required

;

this is seldom necessary in the case of loblolly pine with lO-lb. treat-

ment, as the wood will take up almost that quantity under the vacuum

;

it would be better to say the pressure must be continuous and such

as will give the desired absorption. I also think the timber should

stay in the cylinder long enough after treatment to take care of the

drip, and that the final gage reading should not be taken until after

this has been forced back. I would not allow anything like ten per

cent, water in the oil before having steps taken to reduce it ; I believe

with proper appliances it is quite possible to keep it out, and for

this purpose would require a sap drum under the cylinder to take care

of any water or condensation at the end of steaming and vacuum

periods. I think the working temperature of 140 degrees is too low

and that it should be at least 175. I saw a sample of oil sent in by

a treating plant for analysis, which showed that it began to solidify

at 153, it being fully liquid at 160; I know this is an extreme case, but

I think 140 is too low. Again, in creosote, where the treatment is

in weight per cubic foot and the tank gage shows gallons, the weight

of the oil per gallon is an important feature, especially as creosote

expands, so that a gallon at a low temperature weighs more than it

would at a higher temperature; sometimes more than hilf a pound

difference, which, on a lo-lb. treatment, equals five per cent. In our

commercial treatment we therefore require the temperature of the oil

to be taken at time of forcing it into wood, and after forcing back

:

then strike an average of the two in case there is any appreciable dif-

ference.
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Mr. H. R. Safford (Illinois Central—by letter) :—I have given

the subject of proper size and spacing of track ties very careful con-

sideration and endeavored to find some formula or basis for deter-

mining the proper spacing of ties, with due consideration to the various

types of ballast, wheel load and the economical maintenance of good

line and surface.

Unforunately, no data seems to exist to show the supporting power

of ballast per unit of area, neither is there much definite data to show

the economical spacing of ties, as far as actual track maintenance

is concerned, although this has been a very much discussed subject

among railroad people, and I think we will, therefore, have to take

the practice of a long period of time upon our high-class tracks as

a basis, and assume a certain number of ties per rail, on good well-

drained ballast, as a proper condition, taking as tb.'is basis the average

practice of the more important railroads.

An investigation which the Committee made last year developed

that the general practice was about eighteen 6x8x8 ties to the 30-ft.

rail, which means a spacing of 20 in. between tie centers. This spacing

may be a trifle greater than some of the heavy tonnage railroads are

using, but it will be recalled that our investigation showed this size

of tie and spacing was being used on some of the heavy tonnage roads.

I think we can safely assume, therefore, that the above is a safe basis

for analysis to arrive at some comparative figures. The three features

to be considered in this analysis, are:

(i) Proper width of tie for bearing surface imder the rail.

(2) Supporting strength of roadbed.

(3) Proper spacing for economical tamping.

The first feature is admissible of considerable discussion, but into

it is brought the crushing and breaking strength of the various types

of wood, and this introduces so many values into the problem, as far

as strength only is concerned, that it would be hardly possible to con-

sider this, and we are forced to rely upon common practice and assume

the 6x8 tie is sufficiently strong—as I believe it has always proved to

be—for our heaviest wheel load. I think we can assume that we could

stand even a narrower tie with safety, but the tendency is to increase,

rather than decrease, the width, up to the point where thorough tamp-

ing would be difficult.

The second feature, that of supporting strength of roadbed, is

readily determined, and it will be found that with from 8 to 12 in.

of ballast, and assuming the ballast is tamped for a distance of 18 in.

on either side of the rail and distributes the load at an angle of

45 degrees to the roadbed below, that a maximum load of 15

tons per wheel would cause a maximum load on the roadbed of i.io tons

per sq. ft. This is a low unit for supporting strength of good clay

and loam, but on account of the inferior character of material fre-

quently found in the roadbed, we are obliged, of course, to assume a
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very low value for bearing strength. It can be assumed that track

surfaced on dirt above the natural roadbed would transmit the load

to the roadbed through the dirt upon which the tie is tamped in about

the same manner that it would be transmitted through the ballast, and

the character of ballast can, therefore, be eliminated, and for the

purpose of this discussion be considered only as a means of keeping

good line and surface with the least cost, and causing a rapid drainage

of water falling thereon.

The third feature, that of proper spacing for economical tamping, is

one that has considerable bearing, and yet its value does not vary with

the different character of rail and roadbed, as it is largely a matter

of convenience in handling tools and getting the entire surface of the

tie tamped, and the necessity for tie spacing, as far as this feature

is concerned, is the same for all character of ballast and all sizes of

rail. It would seem, therefore, that we must, in order to eliininate as

many factors as possible, come down to the consideration of rail sec-

tion and wheel load, and for the purpose of comparison I have worked

up the spacing on the following basis, assuming three different char-

acters of railroads, as discussed at previous meetings, viz.

:

(i) Maximum axle load, i8 tons on 56-lb. rail.

(2) Maximum axle load, 22 tons on 65-lb. rail.

(3) Maximum axle load, 30 tons on 85-lb. rail.

Taking the matter of fiber stress of the rail ; it is found that, upon

the assumption that the spacing of 18 ties to the rail is correct for

Class 3, the spacing for the other two classes would be 23 ties for

Class I and 20 ties for Class 2, or i4iVi"- ^nd 17^-1"- centers. This

shows up one of two things : either that we are using too many ties

per rail for our high-class track or not using enough for our low-class

track. Without considering any other features, this comparison should

be correct, but into the discussion must be introduced the question of

cost of maintenance, or, briefly, section force and speed of trains and

the character ot track to be maintained as far as line and surface is

concerned.

It is, of course, not the experience of any of us that the tie spacing

computed on the above basis is necessary, and little value would seem

to be attached to such a result, because we know that we do maintain

low-grade track on 18 and 19 ties per 30-ft. rail. The result, therefore,

has largely shown us that, while for uniform speed conditions', and

other conditions entering into economical maintenance, we should main-

tain a different spacing, and that we could safely reduce the number

of ties per rail under our heavy tonnage, it would not seem desirable

to do. so. The result does show its that we have been working on

the safe side on our tie spacing for our high-grade track, and it would

seem as though we could safely recommend a reduction of ties per

unit of length for such track and establish more nearly a relationship
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between the various classes of track, as shown by results above de-

termined.

I am inclined to think that even with the inferior character of

track, that it might represent a saving to get a tie spacing of 20 ties

per 30-ft. rail, and that a better arrangement all around might be a

spacing of 17, 19 and 20 for the three classes of track.

It seems to me we cannot, with any practicability, introduce any

more elements into the problem, as we will find ourselves at sea when

it comes to reconciling them as far as trying to establish a formula

that will take all of these features into consideration, and that about

all we can safely consider is rail strength and supporting strength of

roadbed.



DISCUSSION.

The President :—In the absence of the chairman of the Committee,

the vice-chairman, Mr. W. W. Curtis, will present the report.

Mr. W. W. Curtis (Consulting Engineer) :—The report of the Com-
mittee presented at the last annual convention, not having been discussed,

I will call attention to certain things. In that report the Committee rec-

ommended the adoption of certain definitions ; that the specifications for

ties, as amended, be adopted ; that the rules for tie records be adopted

;

that the method of stamping, in addition to the use of the dating nail,

be adopted ; and also that ties treated with mineral salts be seasoned from

four to six weeks prior to being laid in track. In the present report,

besides embodying the points just mentioned that have not yet been acted

upon, we have made a recommendation as to the standard size of ties

;

resubmitted the specifications for ties, with corrections and several ad-

ditions ; amended one or two definitions and resubmit those which have

not been acted upon. We resubmit the rules for marking ties and the

specifications for dating nails. We also submit for discussion, but not

for adoption, specifications for various treatments of ties. The con-

clusions, found on page 8, on which the convention is asked to take

action, are: (i) That the specifications for ties, as amended, be ap-

proved; (2) that the definitions submitted herewith be approved; (3)

that the specifications for dating nail be approved
; (4) that the rules for

lie records be approved; (5) that the standard tie be 7 in. by 8 in. by 8

ft.
; (6) that the specifications for tie treatment be discussed and referred

back to the Committee for further consideration.

The President :—The chair desires to say that in the specifications

for ties, under the heading "Woods to be used untreated," the Committee
has added the words, "excepting the white cypress," after the word
"cypress." After the word "Locust," the words "excepting the honey

locust" have been added. At the end of the list of woods to be used

untreated, "Black Cherry" has been added.

In the paragraph on "Dimensions," the words "or in half-round ties"

have been added on the first line ; on the second line, the words "width

of" have been inserted.

Under "Allowable Variations," the words "sides a'ld half-round ties,

the width of" have been added in the first lire, and in the last line of the

same paragraph "width of" has been inserted.

In the table of dimensions, the heading of the second column has been

65
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changed to read, "Thickness hy Width of Face." In the same table,

classes F and G have been omitted.

In the paragraph headed "Piling of Ties," the words "and date when

piled" have been added to the sentence reading "Each pile must be

plainly marked with tlie owner's name." The following sentence has been

added to the paragraph : "Sawed ties must be piled separately from hewed

ties."

A new paragraph has been added, reading as follows: "Piling

Treated Ties.—Ties treated with a water solution, like zinc-chloride, par-

ticularly red oak and beech ties, must be piled in close piles on well-

drained ground, to prevent checking."

If there is no objection to the above amendments to the specifications

for ties, they will be considered as having been approved.

Ur.dcr the rules, discussion in regard to definitions will be omitted,

but will be carried on by correspondence with the Committee. If there

is no objection, conclusions i and 2 will be considered as adopted. The
next is conclusion No. 3. The chairman of the Committee asks that the

specification for dating nails be read.

1 he Secretary:

—

"Specifications for Dating Nail.—Material.—The

nail .Tiall be J4-in. in diameter, 2^ in. in length, v/ith head 5/^- in. in

diameter, having stamped therein two figures designating the year; the

figures to be ^-in. in length and depressed into the head j'g -in., made

of iron or steel, galvanized with a coating of zinc, evenly and uniformly

applied, so that it will adhere firmly to the surface of the steel.

"Test.—Any specimen shall be capable of withstanding the following

test : The sample shall be immersed in a standard solution of copper

sulphate for one minute and then removed, immediately washed in water

thoroughly, and wiped dry. This process shall be repeated. If after the

fourth immersion there is a copper-colored deposit on the sample or the

zinc has been removed, the lot from which the sample was taken shall be

rejected.

"Chemicals.—The standard solution of copper sulphate shall consist

of a solution of ,"4.5 parts of crystallized copper sulphate in 100 parts

of water. This solution will have a specific gravity of 1.185 at 70 degrees

Fahrenheit. While a sample is being tested, the temperature of the

standard solution shall at no time be less than Co degrees Fahrenheit nor

more than 70 degrees Fahrenheit."

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—That is a very good

specification. However, we have been using copper nails on our road for

the last three or four years with somewhat the same result as is stated

by the gentleman from the Pennsylvania Lines whose letter is printed on

one of these pages. The reason for selecting the copper, after having

used the galvanized steel nails, was this : In the industrial districts we
found that the galvanized steel rail would not last. This was due to

the fact that the figures were raised instead of being depressed. I think

this specification covers that point, it requiring the figures to be depressed.

I think that galvanized nails of this dimension are all right, when the
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figures are depressed, and when the coating will stand the test which

this specification prescribes.

The President:—Unless there is objection, conclusion No. 3 will

be considered as having been adopted.

The Secretary :

—

"Rules for Tie Records.—Section foremen will be

provided with daily record blanks having space for each day of the month

to record the number of treated ties put into track that day and the num-

ber taken out the same day, the latter being according to the cause neces-

sitating their removal, whether rotten, broken, burned or rail cut. They

must also show the year in which these ties were treated as indicated

by the stamp and by the dating nail. The section foremen must make
these records each day, and at the end of each month the daily record

must be forwarded to the proper superior officer. If no treated ties have

been taken out or put into track during the month, section foremen musl

so note on report.

"Treated ties already in track, but taken up and relaid on another

part of the same section, need not be inserted on this report as ties taken

out or put in.

"Section foremen must see that a dating nail is driven in the upper

side of every treated tie when it is first laid in the track, about ten

inches inside of the rail, and on the line side of the track. The tie

shall be laid with the end having the year stamp on it on the line side

of the track. A supply of these nails must be carried on the hand-car

whenever any ties are to be laid, and datmg nail must be driven the

same day the tie is put in.

"Foremen must be especially careful to see that neither they nor theii

men injure or destroy the marks or nails intended to identify the ties.

"At the end of each year all dating nails for that year remaining on

hand and unused must be returned to the storekeeper, and requisition

made for a new supply stamped with the following year.

"It is recommended that, in addition to the use of the dating nail,

each tie be stamped at the treating plant, before treatment, with the

year ; and, preferably, be stamped on both ends.

"Conclusion. (4) That the rules for tie records be approved."

The President :—You have heard the reading of the conclusion and

of the "Rules for Tie Records." Unless there is objection, they will be

considered adopted and incorporated in the Manual of Recommended
Practice.

Mr. John V. Hanna (St. Louis & San Francisco) :—I would like to

ask a question about the location of the dating nail. It is required to

be placed on the inside. What led to that conclusion? It seems to mo
it would be better to place it on the outside.

Mr. Curtis :—That is a matter that has been discussed by the Com
mittee. This is simply a statement of what we think is the most general

practice and what we believe to be the better practice. If the nail is

placed on the outside of the rail, it is where the tie is first injured and

decays. The point is to place it where it will be accessible, where it
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will be seen, and where it will be the least likely to be injured and the

most likely to remain. We selected for that purpose a point on the inside

of the rail and far enough away where it is not apt to be injured by

trackmen and still not likely to be covered with ballast. I think that the

location recommended is the one most generally used to-day. If there

is any good reason or a better reason for the other practice, that is a

matter the convention, I think, would like to have light upon. The
President also calls attention to the fact that it places it away from the

salt water dripping from refrigerator cars.

The President :—There being no further discussion, the conclusion

will stand approved.

The Secretary:
—

"Conclusion. (5) That the standard tie be 7 in.

by 8 in. by 8 ft."

Mr. C. H. Ewing (Philadelphia & Reading) :—I want to interpose

an objeciion to the standard size of ties as proposed. I think I noted in

one of the Bulletins published that on account of the scarcity of ties and

the increase in price, the standard size recommended was 7 in. by 8 in. by

8 ft. I do not think that this reasoning should apply, in view of the

traffic conditions to-day—the increase in weight of locomotives and equip-

ment. I think it would be a mistake for the Association to recommend

a tie as small as 7 in. by 8 in. by 8 ft.

Mr. A. K. Shurtleff (Chicago, Rock Island & Pacific) :—I do not

see why the Association should adopt a standard tie any more than a

standard weight of rail.

The President:—This is an interesting and important subject, in view

of the variation in the size of ties now in use. There are ties in use 6 by

8 and 7 by 8 and 7 by 10. We would like to hear from Mr. Rockwell

of the Lake Shore upon this subject.

Mr. Samuel Rockwell (Lake Shore & Michigan Southern) :—We do

not think the standard ties—7 by 10 and Sj-j—are any too large.

The President:—That applies to cedar as well as to oak?

Mr. Rockwell :—No, sir ; these are main line ties. We use cedar

only for branch lines and for industrial tracks. We find we cannot use

cedar even in our large yard tracks. We use, however, 6 by 8 hardwood

lies on our branches and on our sidetracks, and, to some extent, on our

third and fourth tracks, where the traffic is slow, but not on the main

tracks where the traffic is fast. Therefore I think it would be a mistake

to commit the Association to ties so small as are recommended.

Mr. Curtis :—I think a word ought to be said on behalf of the Com-

mittee. In its report presented two years ago, the Committee submitted

a table of dimensions for ties. We were taken to task severely because

we had not recommended a standard size of tie. The Committee thought

it would be presumptive to make a recommendation of that kind, but some

of the members present at that time did not look upon it in that light.

This year we v/ere directed specifically by the Board of Direction to take

up this question of the recommendation of standard size and in a con-

ference with the Track Committee the matter was very thoroughly dis-
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cussed. It was then laid over until our second meeting, and at that time

we decided to recommend this size. In reaching this conclusion we were

guided by several things. It will be remembered that two years ago the

Committee made an investigation as to the sizes of ties used by the various

roads of the country; whether there was any reason other than sentiment

upon which the size of ties was based ; whether there was any reason

for the belief that a 6 by 8 tie was too small. We also asked if there

was any reason for the belief that a larger tie was undesirable. The
result of that inquiry was a very large number of replies, representing

a good many thousand miles of road. The replies were studied at the

time they were received, and were again considered in formulating this

recommendation, and we found this to be the condition : A majority of

the roads reporting were using a 6 by 8 tie and reported them perfectly

satisfactory. In those instances where the 6 by 8 tie was repoi'ted as

being unsatisfactory, the objections were twofold—one that the tie was
too thin for the length of the spike which is now being used, and that

consequently after a few years' wear the spike would go entirely through

the tie. For that reason we decided to adopt the 7-in. thickness. The
other reason given was that the 6 by 8 tie was too light where the ballast

was poor, or where there was no ballast. That is a condition that has

to be met, but it is not a condition to determine the size of our tie.

Nevertheless, we did increase the size of the tie to 7 by 8. The general

consensus of opinion expressed in the reports was to the effect that where
ballast was good, a 6 by 8 tie was ample for heavy traffic. There is a

prevailing opinion that a 7 by 8 or a 7 by 9, or some other size tie, does

not cost any more than a 6 by 8, but I think if you undertake to buy any

great number on that basis, you will find it is a mistake; especially as we
are coming to the condition of sawed ties instead of hewed ties. For
these reasons, while we do not urge the adoption of any special size as

a standard, and are not satisfied that it is desirable to adopt a standard,

we believe the size recommended is the best that can be suggested for

general adoption at present

Mr. Chas. S. Churchill (Norfolk & Western) :—The chairman of

the Committee has reviewed the reasons as between the 6 by 8 and the

7 by 8 ties, but how about the length as between the 8 and the 8 ft. 6 in. ?

Mr. Curtis:—There are two or three objections to the 8 ft. 6-in. tie

In the first place, an 8-ft. tie is long enough for good ballast. Another
difficulty, when you get into the sawed ties, if your tie is that long, it

takes a 17-ft. log out of which to cut it, and they do not cut them that

way. They may cut them that way if you tell them they have to, but

unless there is good reason for a change, it seems to me it is not wise to

adopt a size which will not work in with the present saw mill and lumber
practice.

Mr. W. B. Poland (Alaska Central) :—I do not think it is wise to

adopt a single standard for a tie. T think it would be as unwise as it

would to adopt a single width of roadbed or a standard weight of rail.

I think we should have at least two standards. I do not approve of the
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adoption of the recommendation for a single standard. I would suggest

that the matter be referred back to the Committee, and that they recom-

mend at least two standard sizes of ties.

Mr. G. H. Bremner (Chicago, Burlington & Quincy) :—There are

three classes of roads we are providing specifications for, and it would

seem that in drawing up these specifications for the size of ties, we should

specify for each class of road, and should also specify differently for

different kinds of wood. The size of tie for oak, for example, is not

necessarily a good size for cedar, and in referring it back to the Com-
mittee— I second Mr. Poland's motion—I think that they should consider

this.

Mr. Rockwell :—We use several different kinds of ties for the several

different purposes—main line ties in fast traffic, main line ties in slow

traffic, side line ties, yard ties, etc. Our experience is that we need

different kinds of ties for almost every kind of use we put them to.

While a 6 by 8 tie is all right enough for slow traffic, even where heavy

engines are used, if they are of hardwood, they are not good enough on

our lines where we have heavy traffic and high speeds, especially with the

length of 8 ft. We think we need an 8-ft. 6-in. tie to give stability.

But the greatest difficulty that we have in ties is to keep our rail from

cutting through them. We find even that tie-plates do not help us very

much on softwood ties. We have put in cedar ties in our tracks in large

yards with heavy traffic, and they have given out entirely by the rails

absolutely pushing the tie-plates right into and partially through the ties

within six months, so that we had to take them out. We use a good

many oak ties ; in fact, we use almost every kind of tie, and we use

them with and without tie-plates. Our experience is if you use enough

ties you can keep the track up under ordinary slow traffic, but we have

found that for stability, under fast traffic, you need 8-ft' 6-in. oak ties.

Mr. G. B. Woodworth (Chicago, Milwaukee & St. Paul) :—It is

well-known that one of the greatest difificulties in the maintenance of a

good surface in the track is the track getting what is called "center-

bound," and that is caused by the bearing between the rails being in a

greater proportion than that outside. As I understand, it has been

demonstrated by experience that a tie 8 ft. 6 in. long equalizes the

bearing, and the depression of the tie in the ballast will be uniform

throughout for about that length, or perhaps in some ballast even more

than 8 ft. So far as the width of the tie is concerned, it has been my

experience, more especially with pole ties and not sawed ties, that an

8-in. face tie is the best tie for all purposes. While it does not give as

much bearing surface as a lo-in. tie, it can be tamped better, and

you can get the ballast in under it in a more solid condition. My ex-

perience has been entirely with 8-ft. ties, so that I do not know how

an 8-ft. 6-in. tie compares with an 8-ft. tie ; but as I understand from

experiments which have been made, the 8-ft. 6-in. tie is the one which

equalizes the bearing and should give the best service.

Mr. H. J. Slifer (Contracting Engineer) :—I understand and believe
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that the Association is on record in ^avor of tlircc classes of trick. Such

being the case. I think I\Ir. Bremrcr's suggestion to refer this question

back to the Committee and that we have three classes of tics, is the

natural one to make. We should have a specification for each class of

ties for the three separate classes of track which have been approved

by tnis Association.

Mr. Shurtlefif :^I do not object to having a specified tie, but I agree

with Mr. Bremner and Mr. Slifer in their suggestions, covering the

three classos of track ; and I also believe that the Committee should state

the number of ties per mile for each class of track, because that is equally

as important as the size of the tie.

The President:—That would really be a matter for the Track Com-
mittee to decide—the number of ties per mile ; but the ciuestion of the

size of ties comes properly before the Committee on Ties. There is a

motion that the conclusion in regard to the standard size of tie be referred

back to the Committee with the request that they prepare a recom-

mendation to be submitted at the next convention for three sizes of ties

to correspond with the three divisions or classifications of track. Is there

any further discussion upon this question?

Mr. Curtis :—I want to call attention to the fact that the Committee

was struck by this same idea, and made an attempt to work along that

line. One member of the Committee suggested that we should have

three sizes, or at least that there were three classes of track that should

have consideration, and he thought we should be able to formulate a

recommendation and specification covering each class of track. We put

the proposition up to the various members of the Committee, each one

being requested by letter to submit suggestions along that line. There

was only one member of the Committee who was industrious or enthusi-

astic enough to give anything more than a reply that it was impossible.

One member did make an attempt to figure it out, with the result which

you will find embodied in the report. I think the discussion here has

shown pretty conclusively the difficulty the Committee would have in

recommending a standard tie which would satisfy the convention. When
you have first-class roads using 6 by 8 ties, others using 7 by 10 ties,

and some using 8, 814 and g-ft. lengths, you are up against a serious

problem to get anything like unanimity of opinion. The Committee will

be glad to consider any request the convention may make.

The President:—We would like to hear from Mr. McGuigan on this

subject.

Mr. F. H. ]\IcGuigan (Grand Trunk) :—I have not heard all of the

discussion in regard to tie specifications, but it has occurred to me that

possibly the difficulty experienced by many roads in obtaining ties of any

standard has not been mentioned. This seems to be so great a difficulty

to-day, that most of us are glad to get ties of almost any dimensions.

While I am sure that all agree with Mr. Rockwell that an 8-ft. 6-in. or

even a g-ft. tie would be better than an 8-ft. tie, we are not able to get

them. While only a few roads have to provide for speed equal to th?
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Twentieth Century Limited, most of us have trains that run very fast and

require a good, strong, safe track ; therefore it would, in my opinion, be

unwise, under existing conditions, for this Association to go on record

as prescribing any specific size of tie as a standard. I have in mind now
a railroad that receives a considerable number of ties so small that the

face is only 4 in. wide, and I do not believe we would want to adopt any

standard here that might result in sending the engineer in charge to

jail for using such small ties, as they are bought at certain times when

it seems especially necessary to buy ties in certain localities. The road

I refer to is one of those government-owned roads we hear so much about.

Having bought them, the engineer in charge of maintenance must cer-

tainly put them in the track. I think it would be wise to leave this

question open.

Mr. Rockwell :—I want to say, in answer to Mr. McGuigan, that 7

by 10, 8-ft. 6-in. ties are standard sizes down around the Ohio River, and

there is not much difficulty in securing them of that size. They are

quite frequently made 7 by 9, to be sure, and we are pretty apt to get

the same tie, whether they are called 7 by 9 or 7 by 10. That size tie

is the standard down in that locality, and the Pennsylvania Railroad and

the Lake Shore, I think, have done a great deal toward making it stand-

ard, and there is no difficulty as yet .getting that size down in that section

of the country. Perhaps there is some difficulty in obtaining that size of

tie in some other parts of the country.

Mr. A. S. Baldwin (Illinois Central) :—I suggest that the Commit-

tee might well recommend an ideal size of tie, leaving it to the railroad

companies to approximate as closely as possible to that size. As a matter

of fact, the size of the tie is governed by commercial conditions, and those

conditions probably are not in line with what would be the most desirable

size. To illustrate, on the Illinois Central we have the 6 by 8 tie on

the Northern divisions ; on one division we have 7 by 9, 8 ft. 6 in. in

length. We use a smaller size on the Northern divisions, not because

we would not prefer the larger tie, but because we cannot get them. In

the far South, where the roadbed is softer, we use some ties which are

9 ft. in length. I understand that the Louisville & Nashville use ties

as long as 10 ft. As the timber has become more difficult to get, it has

been a matter of necessity to reduce the size of the ties, but the time is

coming when we will have to begin to treat all ties used, and when that

is being done, we will go to the sawed tie and return more nearly to

what is the ideal condition as to the size of the tie. We will then

certainly be in much better shape to do that. I lielieve if the Committee

would suggest a size of tie that would be an ideal one, so far as giving

a sufficient amount of bearing area and a proper length, that would give

the railroads a standard to work to, and they could approximate this

standard as closely as possible.

Mr. R. C. Barnard (Pennsylvania Lines) :—If tlie convention thinks

it should go on record as to size of tie, it might be well to adopt this

fifth conclusion as a minimum size for main track use, and let a road
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use one as much larger as it wishes. Let the Committee state what they

think is the smallest tie that should be used in main track.

The President:—The expression of the Association upon this subject

may have far-reaching effects, and the chair would like full discussion

and careful thought before the vote is taken. All in favor of referring

the conclusion back to the Committee for further report, giving three

standard sizes of ties corresponding with the three classifications of

track, will place say aye ; contrary, no.

(The motion was carried.)

The Secretary:
—

"Conclusion. (6) That the specifications for tie

treatment be discussed and referred back to the Committee for further

consideration."

O. Chanute (Consulting Engineer—by letter) :—The writer believes

that it is unwise for the Tie Committee to attempt to specify minutely

just how ties shall be seasoned and be treated by the various processes.

As pointed out by Mr. Kruttschnitt, no one method of treatment can

be prescribed that will suit all kinds of timber, and it may be added

that the same kind of wood requires modifications in the treatment in

accordance with its condition of seasoning. As shown by Mr. Faulkner,

the time required for drying depends upon local conditions. Foreign

roads specify the dry weight per cubic foot as the pre-requisite for

treatment.

It is suggested that it would be preferable for the Tie Committee

to give to the tie users some more information as to the comparative

economical value of the preserving methods under various conditions.

Tie-preserving is yet in its infancy in this country. Many railroads are

still hesitating whether to resort to it or not, and they probably want

to know, among other things

:

(i) Which process it is best to begin tvith. This is governed by

the circumstances of the case ; not only by the average life to be safely

expected from any one process and by its cost, but also by the cost of

the untreated tie, justifying more or less expenditure. Moreover, if

the tie is to be finally destroyed by rail cutting, the better and more
expensive process may not be the most economical.

(2) What quantities of tlie antiseptic to inject. This is governed

by the climatic conditions and exposure. In regions of heavy and fre-

quent rainfalls larger quantities are needed of the soluble salts. For

instance it is understood that the Southern Pacific Company injects

one-quarter pound of dry chloride of zinc per cubic foot. This is good
practice for arid regions, such as Southern California and Western
Texas, but it may be bad practice for Eastern Texas and for Oregon,

because of the greater rainfall, each shower of which washes out some
of the chloride.

As to creosote, foreign experience is the more reliable
; yet, inves-

tigations on the line of the Houston & Texas Central Railroad and
of the Central Railroad of New Jersey might possibly elicit some facts

of value.
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(3) What doses of different antiseptics are equivalent to each

other. The principal antiseptics now used in this country are creosote

and chloride of zinc. It is clear that a very small dose of the former,

say half a pound to the cubic foot, will not give as good results as an

equal dose of dry chloride. There is probably some point at which the

dosings are equivalent, and this needs be known before determining

the economy of those differing processes.

It is conceded that the inquiry suggested will be arduous. It will

involve investigation into the average life and exposure, not only of

the ties treated since 1885, but also of the quantities of antiseptics

injected therein. It is a hard task. The Tie Committee will have the

sympathy of the writer, and, if desired, his assistance, in case it under-

takes it.

The President :—The Committee would like some discussion upon

this Subject and then have it referred back to them. Is there any dis-

cussion upon the subject of treatment of ties?

Mr. John V. Hanna (St. Louis & San Francisco) :—The Rueping

process is one of the creosoting processes.

The President :—This only refers to the general specifications for

treatment ; the different processes will come up later when the Commit-

tee report further. If there is no further discussion upon the conclusion,

it will be referred back to the Committee for further consideration. The
Committee desires that the report on methods of analysis of creosote oils

be referred back to them. It had been the intention to refer this to a

sectional meeting to-night for those interested in the subject—which is

a purely technical or commercial question, you might say—but the Com-
mittee believes it would be better to have that particular subject referred

back to it without any action at this time. The information, of course,

is placed before the Association at length in the report of the Committee.

If there are any members of the United States Forest Service present,

the Committee and the Association would appreciate very much any re-

marks they desire to make which will add to our knowledge upon this

subject.

Mr. Carl G. Crawford (Chief of the Section of Wood Preservation,

Forest Service, United States Department of Agriculture) :—Mr. Presi-

dent and Gentlemen : I do not know that I have anything to add to the

discussion this morning, but this subject, especially as it pertains to the

utilization of our forests, is of very great interest to me personally, and

to the Forest Service in general.

There are to-day but very few large companies or corporations which

are not more or less interested in our timber supply. To some of these it

is a matter of very great concern. The bountiful supply of the past is

no longer at hand, that supply having consisted of the best species and

the best grades which any country has ever known. A lack of plentiful-

ness, especially of our best grades, has for some time been noticeable.

It is this particular point which interests us the most and we are very

anxious that we shall be able to do something to check this rapidly

growing decrease.
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The present condition has been brought about largely by the rapid

depletion of our forests through the employment of wasteful methods in

lumbering, wasteful methods in manufacturing the lumber into usable

products, and especially by a lack of proper methods in making our lum-

ber products serve their longest, and, therefore, greatest usefulness. This

condition of affairs is causing many of our large companies and cor-

porations to seek information as to the best method of saving that

which we now have and putting each class of timber into its proper and

most useful place.

This uneasiness, as might be expected, since they are among the

largest users of wood in our country, is nowhere more noticeable than

among railroad men. Purchasing agents are asking the question, "Where
are we going to get our future supply of timber," and by this they mean
the very near future, since those species which they have been using in

the past are no longer at hand. It is well-known that our present supply

will not last long unless something can be done to change the present

conditions and not permit the timber to be used in the future as it

has been used in the past.

The essentials for a good railroad tie are few as compared to the

essentials in wood for other purposes. These essentials are mainly

durability, resistance to the cutting action of the rail, and ability to hold

the spike firmly. The last two can well be classified as one, requiring

a timber with a long, tough fiber. The Forest Service has for some

time been endeavoring to obtain information which will increase these

characteristics and thus lengthen the period of service of the cross-tie,

and to this extent stop the growing decrease of our present supply.

I am not prepared to say just what is the present average life of

the cross-tie
;

perhaps somewhere between four and six years. Some
things have been done to increase this length of service while many
things have been done to decrease it. The crushed-stone roadbed, the use

of the tie-plate, and even the small percentage of ties which have been

treated have helped to increase this length of life. While on the other

hand, the increase in the heavy traffic, the poorer condition of the ties

—due to the small supply—which have been put into the track, and the

increased scarcity of better grades and species, have tended toward de-

creasing this length of life. Something more must be done if this supply

of timber is not to be greatly decreased.

So long as the timber supply of our country is held very largely

by private owners and cannot be controlled except by supply and demand,

and so long as our consumption is controlled by large corporations

and companies, this change must be brought about through their desire

to obtain the greatest possible usefulness from their material. This

necessitates available information as to methods and processes whereby

this length of service may be increased.

Of the essential characteristics of a cross-tie which must be improved

in order to lengthen the period of service, durability perhaps is recpiving

the greatest attention. Comparatively little, however, is being done along
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this line. Of the one hundred to one hundred and twenty millions of

ties which are used annually, less than lo per cent, of this amount are

treated. If all the treating plants in the country were to run at their

full capacity and to treat nothing but ties alone they could not treat

more than one-third of this amount.

With the conditions which I have just mentioned before us, it seemed

evident that something must be done to encourage the treatment of a

larger number of these ties and a larger amount of our lumber in general.

That ties can be treated so as to greatly increase their service there

is but little doubt. Among the many different processes and methods

which are now before us there is great need of information which will

help us to decide upon that treatment which will give us the best returns.

To this end the Forest Service is working earnestly to furnish informa-

tion which will not only produce the longest service in our timber, but

will furnish the greatest financial benefits as well. We have been work-

ing for some time with the various treating plants throughout the United

States in our experiments to obtain these results, but the ordinary com-

mercial plant is not equipped with facilities for carrying on these inves-

tigations. The urgent need for this information has brought more clearly

before us the necessity of making greater plans for the future.

Within the course of a year we hope to erect and equip a laboratory

in Washington which will help us to solve some of these questions and

afiford facilities for carrying on a line of research work. In connection

with this laboratory we hope to have sufficient equipment to test and to

investigate the various methods now being used throughout the country

;

for it is pretty generally known that there is a very wide difference in

the processes and methods now in use among the different treating plants

throughout the United States. In fact, there seem to be about as many

processes as there are plants. This question has brought to our minds

the necessity of investigating the various methods and those minor ques-

tions such as steaming, temperature, vacuum, etc., together with those

methods which will bring about a more economical form of injecting the

preservative into the tie.

In connection with the question of investigating the preservative

methods, we hope as well to have associated with this laboratory methods

for testing the strengths of timbers before and after treatment, and also a

section in which we can investigate the various preservatives themselves

and their use and adaptability to different timbers as well as to draw

relations between the various preservatives, the amount to be used, and

their cost. In this way we hope to discover the best preservative, the

best process, and to bring about a more uniform method of treatment

throughout the United States.

We heartily invite the criticism, counsel, and co-operation of the

various railroads and corporations throughout the country in our en-

deavors to solve some of these important problems. I have nothing

further to state, more than to say that the Forest Service is at your
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command at any time in investigating any of these problems. We hope

to make ourselves and our equipment sufficient in carrying on these

investigations, that we may be of gr-^at service to you.

If I could ask the indulgence of the Association for a minute longer,

Mr. Hall, of the Forest Service, is here and would like to say a few

words.

Mr. Wm. L. Hall (in charge of the Office of Forest Products, Forest

Service, United States Department of Agriculture) :—Mr. President and
gentlemen, I simply want to say a few words to emphasize something

which Mr. Crawford said.

A gentleman made the statement here a few moments ago that it

would only be a little time before we must adopt preservative treatments

for all ties. We of the Forest Service believe that to be perfectly correct,

and so believing, I desire to say that we want to be as useful in bringing

about that end as we possibly can. Up to a year ago, our Bureau was
styled the Bureau of Forestry. That name was changed to the title

Forest Service, because the word more truly indicates what we are

desirous of doing. We want to be of service—that is our main object.

We think the problems of the treatment of woods maj' be divided

into two groups. One group may be designated the local problems which

one railroad or a group of railroads must work out for themselves with

respect to the timbers which they use. In those problems the Forest

Service, I believe, is in position to help materially, and we would be glad

to have you call upon us at any time. The other group of problems

concerns those fundamental questions which underlie preservative treat-

ments such as those which you have thought best to refer back to your
Committee this morning, because, as we all know perfectly well, we are

not ready as yet to say what is the proper thing to be done in regard to

such questions.

Now, in fundamental matters of that kind, concerning treatments,

we believe that with a laboratory fitted out with the best appliances,

such as Mr. Craw^ford has mentioned, where we can take hold of a

problem and stick to until we get through with it, we can accomplish

something that will be worth while to the railroads and also to all the

other users of timber. It is in the getting of that laboratory that we
want your co-operation especially. We know that your service can help

us wonderfully, and that probably it will be only through the co-opera-

tion which we receive from you as representatives of railroads that we
can secure this laboratory and do anything along this line. It is only

to bring out these two points that I have asked for this privilege of

addressing you, and I thank j^ou for the time you have given me.

]\Ir. S. M. Rowe (Consulting Engineer) :—About twenty-one years

ago it came into the iine of my duties as Resident Engineer of the

Atchison, Topeka & Santa F"e Railroad Company to erect the Las Vegas
timber preserving plant and to operate and be responsible for its opera-

tion. Not being conversant v\^ith the operation of timber treating as

then contemplated, it became necessary for me to go into it exhaustively.
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With the assistance of the patentee of the Wellhouse process, which it was

intended to use, and of Joseph P. Card and Octave Chanute, then associated

with Mr. Wellhouse, from whom I obtained specific rules, I did so.

The work was taken up by the railroad company at that time to

relieve the company from pressing necessity. In the West at that time

no ties could be shipped from the East without great expense, and the

mountain pine, being among the poorest class of timber we have any-

where, had to be relied upon.

The process used was new to me, but at that time well authenticated

by specimens of softer timber that had been treated and in service some

17 or 18 years. Mr. A. A. Robinson, then General Manager of the

company, was induced to authorize the expenditure of $30,000, or there-

abouts, in the erection of the plant and I was obliged to take hold, and

under the instructions of Mr. Wellhouse, Mr. Card and Mr. Chanute,

who were the pioneers at that time, kept the works running and operated

strictly under the rules given.

This necessitated not only my going into the details of the process

to learn the principles upon which the work was done, but it necessitated

an understanding of the different physical conditions obtaining. The

work was carried on strictly according to the rules, as we had no one

there who fully understood what the functions carried through meant

exactly. The rules required that the timber should be steamed, ostensibly

to season it ; secondly a vacuum drawn to remove saps and all moisture

possible, then subjected to the chloride solution and lastly to the solution

of tannin, ostensibly to close the outer pores of the wood by combination

of the tannin with the glue introduced in combination with the chloride

of zinc into a leatheroid.

As there has lately been much criticism in regard to the steaming, I

would wish to say that I have all along considered the steaming a

seasoning process. I know that some sixty years ago a man engaged in

the furniture business claimed that steaming expedited the. seasoning of

lumber very much. As to the necessity of steaming, the conditions are

various with different timbers and in different localities and different

ages drying and seasoning, that if any of the timber was not perfectly

seasoned, that the steaming would correct the deficiency. A porterhouse

steak may be very nice, but it is much nicer if broiled. On the same

principle, steaming is considered proper even if the fiber be slightly

weakened. Aly observation is that the timber is better prepared for

absorption of the chemicals and is also toughened by steaming and its

spike-holding power increased materially. Recently I have made some

experiments with treated white pine where I was able to reduce the

thickness of the board to one-third its original thickness without crush-

ing the piece. I did observe early in the history of my experience on the

Santa Fe that the spikes drove very nicely in the treated lies. In the

case of some of these ties untreated, the end of the tie broke off at the

spiking point when spikes were driven ; they never broke with the treated

ties.
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The impregnation with the chloride of zinc and the apphcation of

the deterrent (combination of glue and tannin, the distinctive feature

of the Wellhouse process) has called out a variety of opinions as to the

value of the deterrent ; but if you will go over the Santa Fe tracks

to-day you will see ties treated by the Wellhouse process as intact on

top as they were the day the}' were treated, and they have been in track

twenty years. The}' are not checked into ribbons as untreated ties or

as some subsequently treated ties do, but have retained their integrity and

in my inspection of ties treated by the same process by Mr. Chanute I

find the same conditions.

I want to call attention to criticism of results later obtained from the

chloride of zinc treatment generally in the subsequent practice which are

called failures. Whether these bad results are not rather due to lack of

care in carrying out the process or possibly to the commercial instinct

entering to do cheap work has not contributed much toward this, is a

question worthy of consideration. Much of the failure complained of

in results where the Wellhouse process is concerned may be due to lack

of close attention of the management, to carelessness in selection of

chemicals, to inferior ties or to rush work, for none of which the process

should be held blamable.

I believe that it is better for each railroad company to have its

own operator to do this work under their own direct supervision. 1

have no interest in any process, and never have had, but simply have

tried to study each, and seek the best interests of the work.

I have made some computations of the Santa Fe ties recently, ac-

cording to their own records, and have deduced a result which can be

reasonably expressed. I find according to these tables up to 1904, that of

ties treated and laid previous to 1900, equal to about 4,500,000, only

about 30 per cent, have been removed up to 1904, a mean of nine and a

half years, whereas the same class of ties not treated last not to exceed

seven years with an average of about four years. In regard to the

loblolly ties in Texas of which some were treated in 1897, and of which

removals began in the sixth year, in 1873 I had about 3,000 of such ties

cut and left in piles three years until 1876. At the end of three years

not one of the three thousand were fit to put under the rail.

I found of the loblolly ties treated in 1897, about 2 per cent, coming

out in the sixth year. Even at this date the failure seemed to be due

to the corrugated seat of the tie-plate breaking through the glue tannin

retardent, a spot under the plate being rotten, while the bulk of the tie

remained measurably sound.

Mr. W. F. Tye (Canadian Pacific) :—I would ask whether steaming

is always necessary? There seems to be no question that steaming a

tie reduces its strength, and it is important now that the strength should

rot be reduced, as from year to year we find it necessary to take a

poorer class of timber. If the time of open-air seasoning was increased,

would it still be necessary to steam ? The Committee thinks a minimum
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of go days of open-air seasoning is necessary for the softwood. Suppose

that period was extended to six or eight months—would it still be nec-

essary to use steam before the injection of the preservative?

The President:—In this connection the chair desires to call attention,

to the exhibit made by the Forest Service in the anteroom, showing the

effects of steaming on loblolly pine.

Mr. Tye :—That exhibit shows that the steaming certainly reduces

the strength.

The President :—If there is no further discussion, the Committee

will be relieved with the thanks of the Associf.tion.

W. K. Hatt (Civil Engineer, Forest Service—by letter) :—It is

admitted by all that wood may be seriously weakened by excessive steam-

ing. Opinions differ as to the steam pressure and duration of pressure

which will seriously weaken the wood. I desire to discuss this matter.

As I understand it, the object of steaming wood is to leach out

the various resins, etc., that exist in the wood, and which clog the

openings between the cells, and which, if not removed, would prevent

subsequent penetration of the preserving fluid. Thus, in the case of red

fir, it is said to be necessary to treat the wood in a green condition

before the resins become solidified.

It is a common misconception that this steam bath evaporates the

sap. As a matter of fact, ties steamed at ordinary pressures contain

more water after steaming than before. The steam comes in contact

with a large mass of cold wood, is condensed and fills the wood with

water. The evaporation of this water would not take place under the

pressure of the steam. If it did, the end in view would not be attained,

for the solid substances would be left behind in the processes of evapo-

ration. There is, no doubt, some evaporation in the vacuum following

the steam bath, but this is probably confined mostly to the surface of

the ties. Such records as I have seen indicate a greater weight of

the tie after vacuum than before they were placed in the cylinder.

There is no doubt, however, of the leaching action. Some parts of

the solid substances of the wood are extracted and blown off from the

cylinder. The dry specific gravity of the wood after steaming is less

than the dry specific gravity of the wood before steaming. This phrase,

"dry specific gravity," refers to the specific gravity of the wood after

the moisture has been driven off.

After the passageways through the wood are opened by steam, fol-

lowed by the vacuum, and while the wood is still wet, the preserving

fluid is forced into the volume of the tie.

The desire to open up the wood and secure penetration is evidently

the explanation of the use of steam. There is no particular advantage

in the removal of resins, starches, etc., except tor this purpose. The
supposed sterilization of the wood is of little importance, for decay-

producing elements enter the wood after its exposure, and are not

usually in the wood at the time of treatment.
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It follows then that if penetration can be secured without steaming,

the latter process should be omitted, since it is expensive, and liable

in some cases to damage the wood seriously.

In what cases, then, will steammg damage the wood?

There is some, but an unimportant, loss of strength at the tem-

perature of exhaust steam. As the temperature rises this loss increases.

The moist heat seems to change the structure of the cell walls so that

they will take up and hold more moisture, not only directly during the

action of the steam, but permanently thereafter. Even if the wood is

dried out subsequently to steaming, it will, upon resoaking, exhibit

this increased capacity for the absorption of water; that is to say, its

fiber saturation point is increased. In consequence of the increased

moisture in the cell walls directly after steaming, the wood is pliable

and weak like leather is when it is wet. Upon subsequent seasoning

it largely regains its strength, provided the steam pressure has not

been too high ; that is to say, provided the temperature has not been

so high that the process of disassociation of the cellulose has been too

greatly developed. Just what this dangerous temperature is, is a

matter of discussion.

It is evident that the temperature of the steam is not likely to

work into the interior of a large stick of green wood under ordinary

cylinder conditions. For mstance, in the experimental plant of the

Forest Service at St. Louis, a steam pressure of 20 pounds was applied

for 4 hours (thermometer in cylinder reading 254 degrees F.) to green

loblolly pine ties. Subsequently the ties were removed, a hole was

immediately bored to the center of the tie and a thermometer inserted

in the hole, surrounded at the top with cotton wool. The temperature

observed inside the tie about midway between the surface and the

center was from 200 to 210 degrees F. We should regard this, opera-

tion, therefore, as a process by which the ties are stewed in their own
juice, the temperature being below the boiling point.

The longer a given steam pressure is applied the more the tem-

perature of the steam will work into the tie. The effect of a given

steam pressure or the duration of pressure will depend upon the con-

dition of the wood. Thus, green ties will bear (and, I understand,

would require) a higher steam pressure, or a greater duration of pres-

sure, than will seasoned ties before they are scorched or burnt. Thus,

also, hard and heavy wood, or wood filled with resin, will bear, and

will require, a higher steam pressure or duration of pressure than

light, open growth. Thus, also, heart wood will bear a higher pressure

or duration of pressure than will sapwood. In these cases it is simply

a question of the rate of conduction of the temperature of the steam

throughout the tie.

The actual results of some 6,000 tests relative to this matter are

given in a circular published by the Forest Service, United States

Department of Agriculture, now in press. The results bear out the

6
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remarks made in this discussion. Thus, in the case of green loblolly

pine ties, an examination of the wood specimens showed that scorching

began at 40 pounds steam pressure applied for 4 hours, and that at

5 hours' duration of 20 pounds pressure the scorching was evident. All

the specimens were badly scorched at a pressure of 100 pounds applied

for 4 hours, and at a pressure of 20 pounds applied for 20 hours. The

evidence of scorching appears earlier in the case of seasoned loblolly

pine.

In view of the fact that many plants do not steam seasoned lob-

lolly pine, steam not being considered necessary in order to secure

penetration, I do not see why the Committee specifies this steaming

process for seasoned timber. Possibly it may be necessary at times to

treat green ties upon a rush order, or there may be no assurance that

all the ties are seasoned in ordinary cases, so that, as a matter of

safety, an engineer may desire to specify this steaming process for

both seasoned and green ties. Would not this point, however, be guarded

by the penetration as shown by the tank readings? In other words, if

the operator of the treating cylinder secures proper penetration of the

required amount of creosote without using any process that is detri-

mental to the strength of the timber, why should the specifications

limit the methods by which this may be accomplished?

Proceeding to the consideration of the further operation of injec-

tion of the preservative fluid, it appears that the presence of the creosote

oil in the wood has no direct action on the fiber to weaken it or

strengthen it. Creosote does not enter the cell walls, but apparently

only fills the cell openings, or paints the surfaces of the walls. All

the creosote can do, then, is to retard the seasoning of the wood.

Thus, wood containing creosote will dry more slowly, which slow sea-

soning is not by any means a disadvantage.

The presence of zinc-chloride seems not to affect the strength of

the wood, as evidenced under static loading, but the indications are

that Burncttized wood is somewhat brittle, as shown by impact loading.



REPORT OF COiAIAIITTEE NO. II.—ON BALLASTING.

To the Members of the American Railzvay Engineering and Maintenance

of Way Association:

Your Committee on Ballasting begs to report as follows

:

A meeting was held at the Association room in the Mbnadnock

Block, Chicago, September 14th, Messrs. Hanna, Goodalc, Ranno and

Walker being present.

A joint meeting with the Track Committee was held at the same

place October 31 si, Messrs. Hanna and Milner, of the Ballasting Com-

mittee, and Messrs. Davis, Lee, Hickey and Stimson, of the Track

Committee, being present.

A meeting was called for November 14th, but none of the members

were present except the chairman.

A report was prepared for presentation to the 1905 convention, but

owing to the time devoted to discussion of reports of other committees,

it was given only a very brief consideration. This report contained

definitions, conclusions relative to ballasting, specifications for stone ballast.

principles of recommended practice for gravel, cinders and burnt clay,

ballast cross-sections—both majority and minority reports—and some

notes on use and characteristics of oyster shells and granulated slag.

For details, reference is made to the report as published in Vol. 6 of the

Proceedings, pp. 735-744, inclusive.

DEFINITIONS.

The definitions submitted had been approved by the 1904 convention

and no changes were made. Written criticisms, in accordance with the

President's circular, issued shortly after the 1905 convention, were sub-

mitted by four members. The Committee was unwilling to accept any

of the changes suggested, but does wish to make one change on its own

account; that is, to change the word "fuel" to "coal," in the definition for

cinders (see Vol. 6, page 736), so that it will read as follows:

"Cinders.—The residue from the coal used in locomotives and other

furnaces."

The reason for this change is that cinders for ballasting purposes
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result from the use of coal only, either hard or soft, and from no

other fuel.

The Committee would also add one definition—Disintegrated Granite.

This material is being used to a considerable extent in the West, and its

importance, in the Committee's opinion, entitles it to a place among the

definitions. The following is offered

:

"Disintegrated Granite.—A natural deposit of granitic formation,

which, on removal from its bed by blasting or otherwise, breaks into

particles of size suitable for ballast."

Mr. Hunter McDonald, Past-President, suggested that sand be defined

by maximum and minimum sizes of particles as determined by sieves,

sand to be any size which would pass a No. 4 and be caught on a No.

roo sieve. The Committee will be glad to hear from members generally

on this point.

SPECIFICATIONS.

Specifications for crushed stone and principles of recommended prac-

tice for gravel, cinders and burnt clay, as presented to the 1905 conventiou.

follow. Their status, as regards adoption, is indicated by footnotes.

*STONE BALLAST.

RECOMMENDED SPECIFICATIONS.

(i) Quality.— (a) Stone shall be durable enough to resist the

disintegrating influences of the climate where it is used.

(b) It shall be hard enough to prevent pulverizing under the

treatment to which it is subjected.

(c) It shall break in angular pieces when crushed.

(2) Sisc.— (a) The maximum size of ballast shall not exceed

pieces which will pass through a screen having 2-in. holes.

(b) The minimum size shall not pass through a screen having

^-in. holes.

t GRAVEL CINDERS AND BURNT CLAY BALLAST.

RECOMMENDED PRINCIPLES OF PRACTICE.

tGRAVEL.—Gravel should be screened or washed where prevention of

dust is an object, but this need not be done where the character of traffic

is such that dust is not particularly objectionable. It is recommended that

gravel be screened or washed where the proportion of sand or clay

exceeds fifty per cent. The minimum size should be such as is retained

* Adopted, Vol. 5, 1904, pp. 487, 495, 501-505 ; Vol. 6, 1905, pp. 737, 745.

t Adopted, Vol. 6, 1905, pp. 737, 738, 745, 746.

J Reported by Committee, but not formally approved by the Association.
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on screens of 12 meshes per in. By this is meant the size pebble that

would be retained in a thorough, careful test.

Cinders.—The use of cinders as ballast is recommended for the fol-

lowing situations : On branch lines with a light traffic ; on sidings and

yard tracks near point of production ; as sub-ballast in wet, spongy

places; in cuts and on fills; as sub-ballast on new work where dumps are

settling, and at places where the track heaves from frost. It is recom-

mended that provision be made for wetting down cinders immediately

after being drawn.

Burnt Clay.—The material should be black gumbo or other suit-

able clay free from sand or silt. The suitability of the material should

be determined by thorough testing in small test kilns before establishing

a ballast kiln.

The material should be burned hard and thoroughly.

The fuel used must be fresh and clean enough to burn with a clean

fire. It is important that a sufficient supply be kept on hand to prevent

interruption of the process of burning.

Burning should be done under the supervision of an experienced

and competent burner.

Ballast should be allowed to cool before it is loaded out of the pit.

*Absorption of water should not exceed fifteen per cent.

DISINTEGRATED GRANITE.

As a matter of general interest the Committee submits the following

notes on Disintegrated Granite, kindly prepared last spring by Mr. J. B.

Berry, at that time Chief Engineer of the Union Pacific Railroad

:

"In the Rocky Mountains disintegrated granite is usually in mass

and very compact, with occasional dikes of hard granite sticking up

through it to the surface.

"The bulk of it may be taken out by a very heavy steam shovel, but

we have found it much cheaper to do some blasting. When blasted and

picked up, it crumbles into small cubes about the size of peas. The dikes

of granite are solid material and have to be blasted out and thrown to

one side or used for riprap. We have been able to load with a steam

shovel having a three-yard dipper about 2,000 cubic yards per day.

"It runs very easily out of the cars, is of a good size to ballast track,

is easily handled under all conditions, becomes quite compact when in

the track, little or no dust, will stand hard tamping with tamping bar,

is one of the best ballasts to shed water T have ever seen, and we find

it more economical, especially in renewals of ties, than any other kind

of ballast we have used.

"We have used about a million yards of disintegrated granite for

*See amendment, page S9.
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ballast within the last three years that we have definite figures about, Anc

can report as follows

:

Average Cost
Per Cubic Yard.

Cost loaded on cars at pit 9.19 cents

Labor unloading from center dump cars and

putting under track 13.37 "

Tools, engineering and miscellaneous expenses. 0.76 "

Total 23.32 "

Weight of ballast, 3,000 lbs. to cubic yard.

"This cost includes everything except haul, and each cor.ipany must

decide for itself what it costs to haul ballast per cubic yard. The items

I have given included tools and repairs of same, powder and fuses, steam

drills, wages of pit employes, labor putting ballast under track, repairs to

cars, wages of locomotive engineer, fireman and trainmen who spot

cars at the pit, roundhouse expenses, water supply, oil and waste for

locomotives and steam shovel, fuel, rental of locomotive and steam shovel

and rental of outfit cars. In other vi^ords, it includes every expense

connected with the handling of this ballast except the haul.

"While we did not meet with any granite boulders in our gravel

pits, we found a good many seams or dikes of the solid granite through-

out the pit and were obliged to shoot these. The loading of these after

shooting was done by steam shovel and at times was a little slow, but

still was the most economical method of handling them. The material

that was too large for ballast was used for riprap. The expense of

this shooting and loading was included in the figures given for cost

of ballast, but the yardage is not included.

"It probably would be more expensive shooting boulders, as we are

able to put holes down the depth of entire face of work. We find it

economy to use powder in loosening the face of entire work for the

shovel."

BALLAST CROSS-SECTIONS.

The Committee's last report showed two sets of ballast cross-sections,

there being a majority and a minority report. These were referred back

to the Committee with instructions to try to reconcile the differences. The

members of the Ballasting Committee agreed among themselves upon a

set of sections, which afterward, with slight modifications, were agreed

on at a joint meeting with the Track Committee. The sections are given

herewith.

As may be seen by referring to the section shown on pp. 739, 742,

743 and 744 of Vol. 6 of the Proceedings, these sections are in the nature
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of a compromise between the different sets of sections proposed last year.

It was the general opinion that some surface drainage was desirable, if not

absolutely necessary, even with such material as crushed rock and slag.

This requirement is met by the slight rounding of the surface between

ties, the distance to top of ballast at end of tie being one inch lower

than at center and space being left under the rail to allow passage of

water. It was also the general opinion that a large body of ballast is

necessary around the end of the tie to give support to that part of the

material which is directly under the tie. Without this support, the ballast

works out and allows the tie to drop. This requirement is met by

allowing the ballast to come well up on the end of tie and providing a

flat slope from there to the foot. It was thought that a steep slope,

equal to the natural angle of repose of the material, had practically no

resistance to a disturbing force and that the ballast should, therefore,

be put at such an angle as would resist a disturbing force from the start.

Where the ballast contains clay, or material which makes it prac-

tically impervious to water, the latter must be carried away on the

surface entirely. The importance of a steep slope, in this case, is greater

than that of suj)port at the ends of the ties, and a section is provided

accordingly. This is shown for cementing gravel and chert. Ballast

sections shown are for first-class track only. It was not thought proper

for this Committee to attempt to provide for different classes of track

until the Association had taken some action on classification.

A double track section for cementing gravel was not shown for

the reason that it seemed probable that a double-tracked road would use

a better ballast.

CONCLUSIONS.

(i) Your Committee recommends that the definitions for "Cin-

ders" and "Disintegrated Granite," as given in this report, be approved.

(2) That the recommended principles of practice for Gravel Bal-

last be formally approved by the Association.

(3) That the Ballast Cross-sections submitted be approved as good

practice.

Respectfully submitted,

John V. Hanna, Assistant Engineer Maintenance of Way, St. Louis &

San Francisco Railway, St. Loui*, Mo., Chairman.

C. A. Paquette, Superintendent, Cleveland, Cincinnati, Chicago & St.

Louis Railway, Indianapolis, Ind., Vice-Chairman.

C. H. Byers, Assistant Engineer, Pacific Railway, Seattle, Wash.
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A. Q. Campbell, President Hogansville Quarry Company, Hogansville,

Ga.

M. P. Cotton, Assistant Engineer. Canadian Pacific Railway, Winnipeg,

Man.

L. F. GooDALE, Engineer Maintenance of Way, Chicago, Burlington &

Quincy Railroad, St. Louis, Mo.

G. D. Hicks, Superintendent, Nashville, Chattanooga & St. Louis Rail-

way, Tullahoma, Tenn.

B. C. MiLNER, Superintendent, Southern Railway, Louisville, Ky.

J. O. Osgood, Chief Engineer, Central Railroad of New Jersey, Jersey

City, N. J.

F. W. Ranno, Manchester, N. H.

Samuel Rockwell, Chief Engineer, Lake Shore & Michigan Southern

Railway, Cleveland, O.

A. F. Rust, Resident Engineer, Kansas City Southern Railway, Kansas

City, Mo.

G. M. Walker, Jr., Assistant Engineer, Kansas City Belt Railway, Kansas

City, Mo.
Comniiftee.

AMENDMENT.
Change last paragraph under Burnt Clay Ballast to read : "Absorp-

tion of water should not exceed fifteen per cent, by weight."



DISCUSSION.

Mr. John V. Hanna (St. Louis & San Francisco) :—The principal

thing the Committee has to offer at this time is the ballast cross-sections.

We had some cross-sections prepared for last year's report, but on ac-

count of being one of the last* committees to report, we scarcely got

before the convention at all. We did have a few minutes, but so short

a time that it was not practicable to get any discussion or consideration

that was of real value. The members of the Committee disagreed

among themselves at that time, and we were instructed to take up the

sections again. We did, and this time we have compromised our differ-

ences and offer just a single set of sections. This is in the nature of

a compromise. The members of the Committee, of course, held some-

what different views, but we believe that we have offered a good prac-

ticable section and one that can be adopted with good results. Discussion

will of course be of a great deal of value. We are not beyond criticism,

and with the benefit of discussion we can put the sections in good shape

to be embodied in the Manual.

The President :—At the last convention the Association adopted the

recommendations of the Committee for stone ballast specifications ; also

for cinder ballast. The specifications for gravel and burnt clay ballast

have not yet been formally approved. Information has also been added

of a new form of ballast—disintegrated granite—which is used by one of

our Western roads.

Mr. Hanna:—The last-mentioned are recommended principles of

practice rather than specifications. The Committee concluded that it

was not worth while to attempt to draw a specification for gravel, as we
were really held down to what we could get.

The President :—The Secretary will read the paragraph in regar^l

to gravel ballast.

The Secretary :
—

"Gravel.—Gravel should be screened or washed

where prevention of dust is an object, but this need not be done where

the character of traffic is such that dust is not particularly objectionable.

It is recommended that gravel be screened or washed where the pro-

portion of sand or clay exceeds fifty per cent. The minimum size should

be such as is retained on screens of 12 meshes per in. By this is meant

the size pebble that would be retained in a thorough careful test."

Mr. E. E. R. Tratman (Engineering News) :—Would it not be

well to make some mention of the minimum size of pebble that shall be
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allowed in gravel ballast? Some "gravel" ballast has numerous pebbles

as large as a man's two fists. These should be crushed, Init very few
roads crush gravel ballast.

The President :—That point is open for discussion.

Mr. Hanna :—The Committee, in arriving at this recommendation,

had obtained information on the practice in handling gravel from quite

a number of roads. All of that is really old; that is, the information

we obtained in regard to gravel was contained in letters that were
before the Committee for two or three years, and I do not recall

much of the detail. I do not think, however, that it was brought out

in any of the communications that there was any necessity or desirability

of taking care of the larger stones that occur in gravel. I can under-

stand, of course, that it might be desirable in some cases, but apparently,

with the information before us, that did not occur often enough to

make it advisable to cover with a general recommendation on the practice.

The important point that was dwelt on most was how small s stone

should be taken out? The principal idea is to get rid of the dust, and

aside from the dust-producing feature of gravel, it would really be

advisable to leave the sand in. That seemed to be the consensus of

opinion of the roads that had experience in that line.

The President:—If there is no further discussion, the paragraph

will stand approved as read. There seems to be some doubt as to

whether the requirements for burnt clay ballast were formally adopted,

last year, and I would ask the Secretary to read the items pertaining to

burnt clay ballast, and if there is no objection, it will be considered

adopted.

The Secretary :

—
"Burnt Clay.—The material should be black gumbo

or other suitable clay free from sand or silt. The suitability of the

material should be determined by thorough testing in small test kilns

before establishing a ballast kiln. The material should be burned hard

and thoroughly. The fuel used must be fresh and clean enough to burn

with a clean fire. It is important that a sufficient supply be kept on

hand to prevent interruption of the process of burning. Burning should

be done under the supervision of an experienced and competent burner.

Ballast should be allowed to cool before it is loaded out of the pit.

Absorption of water should not exceed fifteen per cent."

Mr. F. S. Stevens (Philadelphia & Reading) :—I would like to ask

if the absorption of water is by weight or by volume.

Mr. Hanna :—I am obliged to say that I will have to consult our

records about that. This is one of the things that is about two years

old. It has not come up in our Committee meetings since then.

Mr. A. W. Johnston (New York, Chicago & St. Louis) :—Is it

really of great importance to include the third paragraph from the last

—

"Burning should be done under the supervision of an experienced and

competent burner?" It is presumed in the railroad service that we
get the best talent that we can.

The President:—Your idea would be to omit the paragraph?
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Mr. Hanna :—I would like to hear discussion on that.

Mr. Johnston:—My only reason for asking that is because we

generally get the best talent we can for any particular work; we gen-

erally get the best talent obtainable for specific purposes.

The President :—Do you make that in the form of a motion, Mr.

Johnston ?

Mr. Johnston :—1 make that in the form of a motion.

The President :—A motion has been made and seconded that the

paragraph requiring that the burning be done under the supervision of

an experienced burner be omitted.

(The motion was lost.)

The President:—Mr. Stevens, do you desire to make a motion rela-

tive to the percentage, whether it be by volume or weight, in order to

bring it before the convention?

Mr. Stevens :—I think it should be by weight, and I will make a

motion that it be by weight.

The President:—It has been moved and seconded that the last line

in this article be made to read, "Absorption of water should not exceed

fifteen per cent, by weight," that the words "by weight" be added.

(The motion was carried.)

Mr. Hanna:—The first cross-section shown is for cementing gravel

and chert. I might say that that was intended also to apply to any

•ballast where the necessity for carrying the water off from the surface

rather than allowing it to pass through was the principal consideration,

and in order to attain that end it is necessary to give a good sharp

slope to the surface of the ballast. The only way to accomplish that

seems to be by giving it a pretty good height in the center and sloping

down to the end of the tie. From the end of the tie to the top of the

roadbed, the slope, as you will notice, is rather flat. My recollection is

that in figuring the distance out we thought that should be about three

to one, that such a slope is stable and will stay where it is put. At

the foot of the ballast slope you will notice a space is provided of

ten inches. The idea of that is that the foot of the ballast should

be lined up ; as the stones composing the ballast are displaced they

will roll down ajid the flat space, without sod, will facilitate the work

of picking this up with a shovel and dressing up the ballast again.

Following that is a space for sod between this shovel width and the

shoulder of the bank, and as shown it is simply with the idea that a

sodded bank will be more permanent than one without this protection,

and that the sod should come as close up to the foot of the ballast

as is practicable, and allow the ballast to be worked with ease. There

was some question in the Committee as to the width of that small

space—ten inches is about the width of the shovel. I do not think that

it is a very vital matter, but the width should be such as to make it

easy for the trackmen to work and handle their shovels. It is plain

that shoveling in the grass is a very difficult thing. The width of road-
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bed shown, as will be noticed, is twenty feet and has a triangular ditch.

In that case we were following the recommendations of the Roadway
Committee. We did not prepare any sections for the different classes

of track. While I think it probably W'Ould be entirely proper, now that

the track is to be classified, to follow- that up and apply it to ballast

cross-sections as w^ell, in advance of a definite report by the Committee

on Classification of Track and action of the convention on their recom-

mendations, we concluded to adhere to first-class track only and that

modifications could be made afterwards. There have been some sug-

gestions made with regard to the shape of the ballast section from the

end of the tie to the point where it meets the roadbed. It will be

noticed that we have shown that as a straight line, the idea being that

such a slope would stand well of itself, and that a sharp slope of that

kind would shed the water faster. It has been suggested that instead

of making this a straight line, the slope should be flatter, immediately

out from the end of the tie, and then rounded off with a sharper

slope just before leaving the roadbed.

Mr. R. C. Barnard ( Pennsylvania Lines) :—I believe that this Asso-

ciation has adopted a roadbed without a crown. If such is the case—

•

and I think I am right about it—I do not think the Ballasting Committee

should publish sections not in accord with those already adopted.

Mr. Hanna:—My understanding is that the roadbeds adopted were

adapted for new work, and w^e did not consider that we were limited

in preparing the ballast cross-sections or prevented by that from show-

ing a little crown. It is hardly practicable in a new roadbed—I believe

that was the sense of the convention—to finish with a crown. It is

practicable, at least in some cases, to make a crown of that sort in

preparing your track for ballast. I think there are some cases where

that would not apply. That point came up in the Committee, and the

members held different view's about it, but the final conclusion was

that it was practicable under certain circumstances to prepare the road-

bed with a crown, and that it was a desirable thing, when it could be

done, and that we w'ould show it on that account.

Mr. Robert Trimble (Pennsylvania Lines) :—I think the crowning

of the roadbed is an unnecessary refinement. I saw a report not long

ago in which the construction department was somewhat criticized for

not crowning the roadbed, and as my line of work is more in the line

of construction than maintenance. I was interested in the criticism.

For a number of years I believed in crowning the roadbed, but as a

result of my observation I concluded that you may make very nicely

crowned roadbed construction, but if you make an examination a year

or so after the road is in operation, you will not find any well-defined

crow-n there, and you will find the ballast hammered down into the

roadbed. About a month ago, in order to get some information in

regard to this question, we went to a place where we had abandoned

the track on an old roadbed and made an examination of a trench right

across from the roadbed with a view to securing a profile of the bottom
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line of the ballast, and found it to be very irregular, varying six or eight

inches from the level line at which it was originally put in. There is

another point that occurs to me in regard to the proposed cross-section.

I doubt very much the advisability of having a uniform cross-section for

gravel ballast and stone ballast. Stone ballast is much more expensive

in our country than gravel ballast, and it will stand at the end of the

ties at a somewhat steeper slope than gravel, and it does not seem

to me desirable or necessary to use as flat a slope for stone ballast

as we do for gravel ballast. You must have a fiat slope for gravel

ballast in order to have easy maintenance, but it is not necessary with

stone, and I think that it is rather a wasteful use of stone on the

lines recommended by the Committee.

Mr. Hanna :—In that connection, I think the opinion of all the

members of the Committee and of the Track Committee, which con-

ferred with us, was that it was desirable to flatten the slope, even with

stone ballast as it is ordinarily used. There was, of course, some dif-

ference of opinion among the members on the slope desirable for

dififerent classes of material. I will say in that line that personally

the chairman was in favor of showing the sections with different slopes

for rock and gravel. Personally I believe that to be the thing, and if

I were doing the ballasting, I should certainly arrange for different

slopes for rock and gravel, but following what appeared to be the

desire of the convention last year—that we try to harmonize our dif-

ferences—we put the section in here according to a majority vote, and

the chairman on that point was out-voted by the rest of the Committee.

Mr. C. H. Ewing (Philadelphia & Reading) :—I note on the cross-

section for stone and other kinds of ballast, the top of the ballast is

at a point one inch below the top of the tie, and the minimum depth

of ballast under the tie is six inches. On the other cross-sections the

depth under the tie is twelve inches. It seems to me that six inches under

the tie for a standard cross-section is not sufficient. I would like to

see that increased.

Mr. Hanna :—That was an error in making the drawing. It was

intended to be twelve inches.

The President :—It is hoped that there will be a free discussion

of this cross-section. The Committee have presented an expression of

opinion, for which we have been waiting a long time. If the cross-

sections are adopted as presented, they will represent the unanimous

opinion of this Association. There are many important features in them,

and I am sure that the Association at large and the Committee want

the matter fully discussed.

Mr. F. S. Stevens (Philadelphia & Reading) :—I would be glad to

hear from the chairman of the Committee as to the advantages that

they have discovered by banking in the ends of the ties in any class of

ballast. The principal use of ballast, I think we will all agree, is to

afford drainage. If water accumulates under the ties, the only way it

can escape is out at the ends. We must also have a free circulation of air
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under the ties, otherwise, during moderately wet weather, we will have

water. If we do not get air freely circulating, each tie becomes a pump
and it will draw water there, which is a very bad condition. My
opinion is that the ballast cross-section shown at the top, as a general

proposition, is better for all classes of ballast than the section recom-

mended for stone, gravel, etc. There is nothing to be made by banking

the ends of the ties with any class of ballast, for the reason that a track

that is in surface will remain in line and no amount of banking in with

ashes, gravel or crushed stone will hold it in line, if it is not in surface

;

therefore, the matter of surface is the whole thing, and there is nothing

gained by banking in the end of the ties at all. If the end of the tie

is banked in and it makes a pit for the accumulation of water, it is

impossible to retain the surface. The work required to keep the track

in condition is multiplied many times, and nothing is gained.

"Sir. Hanna :—The Committee can hardly agree with Mr. Stevens on

that proposition. We believe there is something definite to be gained

by banking in the ends of the ties with a gravel which allows the

water to pass through it freely. The intention was that that section

would be applied with such ballast. We will say that it is true that if

the track is maintained in surface, once being in line, it will stay in

line with such work, but we believe that the additional material around

the ends of the ties or between the ties near the end would tend to

maintain the track in surface; that having that additional body of

material, there would be more resistance to displacement in any direc-

tion. The ballast, say, that is under the tie, once it is compact, can

get away only by moving either laterally or longitudinally as regards

the tie, and there will certainly be a resistance to any such motion of

the ballast immediately under the tie if there is, so to speak, a weight

on the ballast that surrounds it ; and I believe there is quite a decided

advantage in having that material there. The slope for drainage in

ballast of that kind is not necessary. What the water actually does

when it falls on ballast of that kind is to go through to the roadbed

under it, and then it gets away either by soaking into the roadbed or

finding its way out to the side. We know that w-e do not always have

perfect track, and there is some advantage of having material that does

tend in itself to prevent a lateral displacement—that is, lateral with

respect to the track or longitudinal with respect to the tie. The tie

must be held in place by the friction between it and the ballast that

is under and along the sides, and you will certainly increase the sur-

face which creates that friction when you extend the ballast out to the

end of the tie. The ballast that is immediately against the end of the

tie possibly ' does not serve any very marked purpose, but you cannot

carry the ballast out to the end of the tie, between the ties, without

having it around the end also. It must have some slight effect, anyway,

in preventing displacement.

Mr. Barnard :—I would like to ask, whether, in the first diagram, the
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Committee intends to leave any space between the inside of the base

of the rail and the gravel?

Mr. Hanna :—Yes ; at least an inch.

Mr. Barnard :—I think it should be shown here in figures.

Mr. Hanna :—It was the intention to have at least one inch of space

between the base of the rail and the gravel.

The President :—We would like to hear from Mr. Hickey, of the

Michigan Central.

Mr. T. H. Hickey (Michigan Central) :—It is my experience that

in trimming track in gravel ballast, it is best to carry it within three

inches of the top end of the ties, and have an opening of about one inch

under the rail to the height of the top of the tie in the center, and

the slope to be carried out in that way to about five feet outside of the

rail. I trim broken stone in the same way, but I would not carry that

ballast out quite so far. Instead of five feet I would make it four, keep-

ing it down the same distance from the top of the tie at the end and

under the rail, and I believe that ballast between the ties of that height

would require the ends to keep the ties in place, as well as keeping the

tie in good surface and line. I believe the track will stand up and

remain in surface better where the tie is the same— I am speaking of

gravel and stone—three inches above the bottom of the 'tie at the ends,

as, if the ballast is taken down to the bottom of the tie at that point,

it will work away lower, and consequently the track cannot be main-

tained as in good surface or line as if supported by the ballast three

inches above the bottom of the tie at the ends.

The President :—We would like to hear from Past-President Mc-

Donald upon this subject.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—

I

had not expected to say anything on this subject. I am in such a

state of mind regarding ballast cross-sections that I hardly know exactly

what to think. Taking these sections up in the order that they come, I

should certainly not approve of any gravel ballast being raised up above

the top of the tie ; I should not approve of any attempt to show a crown

in the roadbed. My experience is that if put there it will not remain

twelve months under traffic. If the earth is thoroughly tamped and a

hammered paving placed on it to receive the ballast, it might hold the

crown for some j'ears. I think there is little cause for difference in

cross-section between cementing gravel and chert, and any other kmd of

gravel, as far as shedding water is concerned. While these gravels are

apparently cementing and there is a certain amount of clay in the

chert which might act temporarily to shed the water, it soon disappears

and the difference in the end is apparent only. My reason for stating

that 1 did not know exactly where I stood on the ballast cross-sections

is that while the rock ballast is fresh, and is of course porous, the

water passes off freely, but it is only a matter of two or three years

until the ballast becomes foul either by pushing the mud up from below,

or from dust and cinders from above. When that condition is brought
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about, the shoulder at the end of tlie tie is very destruetive to the condi-

tion of the track. I have found tliat under those conditions it was
much better not to have a shoulder on account of the churning of the

tie. I think the common practice under those conditions is to continue

to raise the track and put new ballast under it at the rate of about

two inches every two years. The final result is that all structures affected

must be raised. I should say, therefore, that under these conditions the

cross-section of the ballast which shows no shoulder above the bottom
of the tie is the best. I would like to know the prevailing practice in

treating ballast that is foul. I have sought information upon this point

for a long time. I have been told by a Roadmaster of the Pennsylvania

road that they were in the habit of taking it out and forking it; but

when I asked him how he conducted his traffic while that was being

done, the answer was not satisfactory. In riding over the various lines

of this country I have seen no forking going on except of the ballast

in the shoulders and between the ties. The ballast under the ties, I

think, is never forked.

Prof. C. Frank Allen (Massachusetts Institute of Technology):—It

has been suggested to my mind, especially from what the last speaker

said with relation to the fouling of the ballast, that perhaps another

precaution might be taken that would prevent, to a considerable extent,

this fouling, and that is by putting some fine gravel or sand or cinders

between the broken stone ballast and the original surface of the roadbed,

when this is clayey material or any material that will readily soften with

water. That is a practice that prevails, the acknowledged, accepted

practice with the best highway engineers for the construction of macadam
roads, and the same practice has been followed by railroad engineers

in many cases to great advantage. If it should be recommended here

not only to provide drains where needed, but also to provide sand or

gravel or cinders where needed, I believe very much better results might

be reached than are obtained when the water has a chance to get into

the soft material directly underneath, and so work itself up and out as a

lubricant, and to a considerable extent disturb the stone and prevent

its performing its proper functions. I am not sure but that a practice

of that sort, if consistently followed, would in many cases allow a slight

slope in the roadbed to be used, and even maintained—I am not sure but

that the slope might persi.st if it had a chance.

Mr. G. B. Woodworth (Chicago, Milwaukee & St. Paul) :—I believe

there is no uniform shape of cross-section, but that we have all kinds of

gravel as well as stone. If the gravel is free, it would be necessary to

have a poor roadbed, and on one of our lines it is the practice to put

the gravel further out in order to keep the track in proper surface

under the jar and high speed of trains. If the gravel is of a free sandy

nature, the chairman states the water runs through and it is not neces-

sary to make any slope. If the gravel is of a cementing nature, it is

necessary to slope even down to the ends of the ties ; but there is another

matter that comes up, and that is, it is always necessary to have a little

7
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surplus gravel on tlic line. If the track is put down in what might be

called an ideal shape, the attempt to raise the track or work it into

better shape without making the crown bed would destroy this cross-

section, and I think that the cross-sections would then be a good deal

different from what might be termed an ideal shape. So far as the

crowning of the roadbed is concerned, while this is not common practice

and is not necessarily done in new construction, it is always the practice

in my experience to do so in regraveling the road. The old material is

taken out at the slope at the crown before putting the new ballast on.

Mr. A. K. Shurtleff (Chicago, Rock Island & Pacific) :—Regarding

the crowning of the section, I can hardly see how they can place a crown

in the center where a track is already laid. In digging out the track

I do not see how they can place that crowning in the center. I think

that any foreman who would attempt it would lose his position.

Mr. Hanna :—The way to accomplish the crowning is this—you have

probably been running your tracks on dirt before beginning to ballast,

and in cutting that dirt out from between the ties, if you will cut it

down so that the dirt at the center of the track is even with the bottom

of the tie, and, as you go down toward the end, get a little deeper,

you will have a slope about such as is shown here, and by cutting that

deeper than the bottom of the tie, when you get to the end, so that

you are a couple of inches below the bottom of the tie, and you then

have a kind of trough between the ties that gives an opportunity for

'.he water to get away from under the tie, and the tendency of it is

to carry it out to the edge of the roadbed. I know that that can be

done, because I have taken hold of the shovel and done it myself.

Mr. Stevens :—The great point in this question was touched upon

by Mr. McDonald when he referred to the temporary character of tht

ballast. Sparks from the locomotive and a few ashes from the ashpan

soon destroj'- the form of all kinds of ballast. It will soon draw more

or less dirt and mud from the bottom, no matter how far it may be

down. This bed becomes impervious to water, and unless there is

an opening at the end the water simply lies there and causes more trouble.

The only way is to drain the tie at the end, even though the end of the

tie is banked three inches, as suggested, to leave the ditch open leading

to the end of the tie, at the bottom, even though it may be only two

or three inches wide, so that the tie may be drained at the end. That

is the main point.

Mr. Hanna :—There is one point in connection with the advantage

of having the ballast up to the end of the tie, as the President suggested,

which I think is a very good one, and that is it very greatly increases

the resistance to motion of the tie as a whole in the direction of the

length of the rail. For instance, wherever there is a tendency to creep-

ing, you want to take some means to stop the rail from creeping, and

you want to put on an anti-creeper. You must prevent the tie from
moving in order to get any effect from it. The additional ballast will

certainly have a very beneficial effect in that case. It is a condition
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which frequently arises, particularly on double track, where the traffic is

all in one direction.

Mr. Stevens:—It may be a little foreign to the subject, but I would
like to speak a word in relation to a statement made by the chairman

of the Committee as to the assistance gained in retarding the longi-

tudinal movement of the rail by this small amount of ballast placed

outside of the rail, which, I suppose, on a double track railroad it

would be necessary to place only in one direction. I have had a good
deal of trouble of that kind, but I find that the only thing that is neces-

sary to prevent the creeping of the rail is to keep the joints tight;

keep the ties tamped ; keep a good surface and prevent che undulating

movement of the rail. If that is done, the addition of the ballast here

or there would cut no figure. That is the whole thing. We have a

piece of track to a grade of 175 feet to the mile, maintained in excel-

lent surface, traffic in one direction down that grade carried year in

and year out—a very large volume—without any great creeping of

rails—very little, indeed. Surface is all that is necessary to prevent that.

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—Theoretically,

crowning the roadbed is all right, but practically I think that it is use-

less. Experience goes to show that in building railroads, a single track

is originally constructed; then, after a lapse of j^ears, a second track is

constructed ; subsequently, a third track, and, finally, a fourth track

;

so that practically the subgrade in cross-sections is local. I therefore

favor the modification of this section accordingly, because that is the

way railroads are practically built. The section submitted is all right

in many of its features. In mj^ judgment it should show first six inches

of ballast under the ties; secondly, a cross-section which is level, that is,

the subgrade being level transversely. The height of the ballast, it

seems to me, is all right as shown in the double track section. I do not

think, however, that four feet of ballast is necessary outside of the ties.

In this case, our limit to the ballast is eight feet three inches from

the center line. If the tie is eight feet six inches long, there will be four

feet of ballast outside of the end of the tie. With stone ballast this

amount is not necessary. Furthermore, in my experience, it has not

been possible to buy stone ballast at times as rapidly as it would be

needed. When new track w'as being constructed, and v.dien a third

track is being built on embankment through a valley, along a river,

it is good practice and common practice to make the subgrade thirty

inches below the top of rail, to lay the track and ballast it with ashes,

using six inches of m.aterial. Then the traffic—slow traffic, such as

freight-5-may be turned over this track, and as the ballast is received

the track is brought up to final grade, thus getting the six inches of

stone under the ties. In this way I think the point with respect to

drainage is solved. I mention that merely to show that that is the way
the track is actually built, and when it can be done th.at way there is

excellent drainage. Experience of this character shows that the subgrade
is always in track level transversely.
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Mr. Ewing:—I am not inclined to favor very much the idea of

dispensing with the crgwn. It is undoubtedly true that roadbeds hereto-

fore have been made with a level surface. That, however, is because

the rule covered that method. The height of an embankment is greatest

in the center of the roadbed and will, of course, settle more at that

point than it will on the outside edge, so that the center of the roadbed

will naturally be lower than the outside slope. I think, therefore, that

we should provide for the crowning of the roadbed in the original con-

struction, just as the plan shows.

Mr. Barnard :—I do not think that this discussion on the crowning

of the roadbed is in order. It seems to me that, having adopted a section

of roadbed without the crown, the Ballasting Committee should make
their sections to conform therewith. I therefore move that these diagrams

be revised to show no crown in the roadbed.

(The motion was carried.)

Mr. C. H. Fake (Mississippi River & Bonne Terre) :—I notice, at

the end of the tie, the shoulder is in the shape of an arc or a circle.

It seems to me that circle is going to be difficult to maintain.

Mr. Hanna :—I think not. You will observe that curved surface in a

good many roads. I do not believe there will be any difficulty about it.

The President :—Conclusions i and 2 have been adopted by the Asso-

ciation. Conclusion 3 has been referred back to the Committee under

the motion of Mr. Barnard.

Mr. Hanna :—If there are any other changes to be made besides the

crowning of the roadbed, it seems to me they ought to be indicated now
by the convention. The other features—the slope and the width out to

the foot of the ballast—are essential, and if any changes are to be made
we should have the views of the convention in regard to them.

Mr. Chas. S. Churchill (Norfolk & Western) :—I would suggest that

the Committee be asked to make a cross-section applicable to either

stone ballast or slag ballast, in addition to these cross-sections, which I

think are applicable to gravel ballast.

(The motion was carried.)

Mr. McDonald :—I move that the Committee be instructed to leave

off the projection of the ballast three inches above the ties, and that the

top of the ballast—gravel section—should conform to the top of the

tie at the center.

The President:-—That is in the first cross-section?

Mr. McDonald :—The only one in which it appears.

(The motion was carried.)

Mr. Hanna:—I understand that the sections where we show three

inches above the top of the tie, that that is to come flush with the

top of the tie and the lower sections, where we show one inch, it raises it?

The President:—No; it only applies to filling in between the rails

flush with the top of the tie. The chairman of the Committee calls atten-

tion to the fact that the drawings show the ballast in the other two

cross-sections to come one inch below the top of the tie in the center



BALLASTING. 101

and not flush with the top of the tie, and he desires an expression of

opinion npon that subject, whether the ballast is to come up flush with

the top of the tie in the center, or is to be below the top of the tie, as

shown in the two cross-sections, the second and third from the top of

the page. As it stands now, unless there is objection, the action of

the convention would be to approve the cross-sections showing the ballast

below the top ol the tie in the center.

Mr. Hanna :—On that point, in the discussion in the Committee meet-

ings, I was personally in favor of bringing rock ballast and the othei

ballast for the lower cross-sections flush with the top of the tie, and I

understood Mr. McDonald's motion to make that applicable to all sections

of ballast. Personally, I am in favor of that.

The President :—The chair did not understand Mr. McDonald's motion

in that way. Did you intend that, Mr. McDonald?
Mr. McDonald :—No, sir ; I have not observed that feature of other

sections. Mv motion simply covered the fact that no ballast was to be

above the top of the tie.

The President :—That is the way the chair understood it.

Mr. McDonald :—Personally, I think the ballast should be shown
level with the top of the tie. I do not think it would stay that way more
than a month or two.

Mr. Wendt:—I would call attention to the fact that, where electric

track circuits are installed, you must be careful to work the ballast below

the rails, and the Committee has shown the ballast below the rails.

Mr. Hanna :—We thought that essential, and it was intended to pro-

vide that clearance under the rails.

Mr. Stevens :—It would add very much to the appearance of the

track to have the ballast an inch below the top of the tie. Nothing is

more untidy than to see ballast strewn over the top of the ties. The
ballast will get high enough ; the trouble is to keep it low enough. I

am therefore in favor of keeping the top line of the ballast where it is.

The President:—Any further discussion upon this feature?

Mr. Hanna :—There is r.nother point. We were instructed, by a

motion a wlijle ago to prepare sections for crushed rock and slag. I would

like to have some expression on the proper slope or the proper width from

the center to the foot of that ballast compared with what we now have.

Mr. McDonald:—Mr. Churchill is the man who has taken exception to

this cross-section. I think he should be called upon to e.xplain his

objection.

Mr. Churchill :—I beg to say that T was not the one who attacked

the cross-section. I followed some suggestions to the effect that too

much money is spent in having a large quantity of stone ballast at the

ends of the ties when it is not necessary. I think experience has shown
that stone ballast will stand on a two to one slope, and that will decrease

the total width of stone ballast section somewhat. I simply offered

that as a suggestion in connection with the criticisms made early in the

discussion that it was not necessary to have so much stone ballast beyond

the ends of the ties.
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Mr. Hanna :—That means that the suggestion of the two-to-one

slope is all right. The members of the Committeee generally agreed with

Mr. Churchill's views. The only reason we used something else was

that there was a majority in favor of one type of the cross-section, and

we thought it best to make that stable for gravel, and consequently we

gave a slope that would be suitable for gravel.

Mr. Wendt:—My experience agrees with that of Mr. Churchill.

We have a four-track road ballasted with rock, and after some experi-

menting we arrived at the conclusion that the rock ballast on the slope of

two to one was about right, and that will certainly lessen the amount

of ballast outside of the tie as compared with this section.

The President :—If there is no further discussion, the report of the

Committee will be accepted and the Committee relieved with the thanks of

the convention.

Mr. W. C. Cushing (Qiief Engineer of Maintenance of Way, Penn-

sylvania Lines West of Pittsburg, S. W. System—by letter) :—At

the last annual convention several members made remarks during the

discussion concerning the proper slope of ballast from the ends of

the ties, and, quite rightly, in the writer's opinion, the Committee was

instructed to make dififerent ballast cross-sections for stone and gravel,

respectively.

About two and one-half (2I/2) years ago, when the operating offi-

cers of our lines were discussing this question during an inspection

trip, at which time the roadbed and ballast had been put in good

condition and were properly dressed up, a careful watch was kept to

determine which section of ballast appeared to be the most suitable

and most easily kept in place. The sections which were marked for

measurement are shown on the accompanying Plate "A," and they

may be of some use to the Committee as a guide in working up their

reports for the next convention.

Some time ago Mr. Thos. H. Johnson, Consulting Engineer of our

lines, called the attention of the writer to an article in a German
magazine. Closer's Annalen fiir Gewerbe und Bauwesen, by Railroad

Director Schubert, which describes in a clear manner, with the aid of

drawings and photographs, the condition of roadbed and ballast, with

which we are more or less familiar, but which the writer has never

seen treated elsewhere with the same degree of carefulness and interest.

Mr. Johnson had this article translated into English, and it is pre-

sented herewith, as a part of this discussion. This article contains

much food for thought, and is especially valuable at this time, while

the Association is considering the subject of proper formation of roadbed

and depth of ballast under the ties. •

The writer has experienced just such trouble with clay cuts as

Director Schubert illustrates, and no doubt a great deal of the trouble

is due to insufficient depth of ballast and lack of proper protection of

the surface of the roadbed underneath, so as to prevent the ciay from
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oozing up. These adverse conditions are much more frequent and

much more emphasized when the single-track railroad grows to four

(4) tracks or more. They are also more emphasized in this country

by the enormously heavy axle loads of our rolling stock, and it is time

for the Maintenance of Way Engineer to endeavor to keep pace with

the requirements of economical transportation, which has called into

existence the heavy axle loads.

Mr. Johnson made a study from this report with a view to deriving

a formula which would show the thickness of ballast necessary to produce

an equal distribution of the axle loads on the surface of the roadbed

underneath the ballast, and this study is also submitted herewith, as

Plate "B."

DISTRIBUTION OF PRESSURES AT BOTTOM OF BALLAST.

For gravel o& = x =: &' + /^ ^'•

For stone ab = x ^= b' -\- d'.

The relatively small arcs will approximate to parabolas, and may be

considered as such.

The intensity of pressures is proportional to the ordinates of the

curve.

Areas of parabolic segment = 2/3 xy; hence, mean ordinate =
2/3 y, or mean pressure= 2/3 maximum pressure, or maximum pressure

to 3/2 mean pressure.

Pressure at b = 0. Hence, to obtain an approximately uniform dis-

tribution over the surface of roadbed, the tie spacing S must be such

that the curves overlap and have a common ordinate y' = ^ y- This

will occur when db = H cb; or eb = % ab; or mo = 3/4 mn.
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Hence, tie spacing 5" = 3/4 x.

For gravel 5" = 3/4 ib' + y> d'),

or 5 = 3/4 b' + 3/8 d'.

3/8 d' = S - 3/4 b

and d' = 8/3 (5— 3/4 &') =8/3 (23"— 3/4 (8")) —45'-
For stone 5" = 3/4 ib' + d'),

or 6" = 3/4 b' + 3/4 d'

and rf' = 4/3 (-S"— 3/4 &'). = 4 3 (23"— 3/4 (8") ) = 22^".

LECTURE DELIVERED BY RAILROAD DIRECTOR SCHUBERT BEFORE THE "VEREIN

FUR EISENBAHNKUNDE," AT BERLIN, AT THEIR MEETING OF MARCH
14, 1899, ON THE ACTION UNDER THE TIE OF A RAILROAD TRACK.

From Glaser's Annalen fiir Gewerbe und Bauwesen, May, 1899.

From experiments made during the years 1887 to 1890, the results

of which were published in the Zeitschrift fiir Bauwesen, Vols. 1889 and

1891, under the caption of "The Transformation of the Planum (i. e.,

Roadbed)," it was determined that in a railroad track whose roadbed

consists of clay, a swelling of the same between the ties will not occur,

even under the most favorable conditions, when the height of the bed

"B" is increased 0.20 m. (8 in.) over the clear distance between the ties,

whence &= a-j-o.20 m. (8 in.). See Fig. i.

The entire results of the experiments made at that time lead me to

suggest in place of the usual section for clay cuts and embankments, a

cross-section, the base of which at the middle of a double track roadbed

shall be i m. {2)-2> ft.) below the base of rail; the cross-tie being 2.y m.

(8 ft. 6 in.) long. (See Figs. 2 and 3.) At the base in the middle of

the section a tile or cement pipe of 0.3 (12 in.) to 0.4 m. (16 in.) per-

forated on top, should be laid, in order to secure complete drainage

and freedom from the effect of frost. These pipes can be laid with a

corresponding grade to the railroad through the cuts, and thence to the

ditch along the road.

If we intend to maintain the old section of the roadbed, then it

will be necessary to make the ditches 1.20 m. (4 ft.) deep in order to

drain the bed, which is i m. (3.3 ft.) deep. The width of the cut is
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then of course about 4 m. (13.2 ft.) greater, and consequently more

roadbed material is required.

It has been frequently asserted that this depth of ballast is too

great, and it has also been said that my experiments did not demonstrate

the actual conditions, inasmuch as they were only made on a scale of

I to 10.

I admit the first assertion, as far as embankments of clay mixed with

stone are concerned ; that, in the use of plastic clay, however, such as is

found in Lausitz, the results obtained from my experiments correspond

Figs. 2, 3

—

Cross-Section for Clay Cut.

V,,
\^ 4,3'> ><

/c. /Om
7.^0 4 3o

i^

FiGS. 4, 5

—

Cross-Section for Clay Cut.

with the actual conditions, I am prepared, this day, to furnish you the

necessary proof.

In Figs. 6 to II you will find successively the various sections deter-

mined by the previous experiments with cross-ties. Figs. 6 to 8 repre-

sent the results of roadbed of rough gravel and F"igs. 9 to 11 show the

experiments from sand roadbed.

I would ask you to compare with the first mentioned illustrations

the photographs in Figs. 12 to 14, which were taken from the existing

roadbed of the branch railroad from Sorau to Benau, which was opened

on September i, 1896. In order to quickly and economically construct
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this road the ties were laid directly without the use of ballast upon day.

This practice, which unfortunately has become very common in recent

years, has the disadvantage that very seldom the minimum height of

ballast= 0.20 m. (8 in.), is provided afterwards, and the result is that

in yielding ground, sinking under the ties will very soon occur, and the

clay between the ties and also at the ends of the same will rise and

Figs. 6-8.

thus form a sort of trough under the tie, which is increased in size veiy

rapidly in wet weather.

Fig. 12 shows a profile of a roadbed with a layer of about 0.6 m.

(2 ft. o in.) of blue clay, which was taken on February 22, 1898, or

about i>2 years after the opening of the railroad. The depressions under

the ties are from 10 cm. (4 in.) to 15 cm. (6 in.) deep. On June 4th
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of the same year a second view was taken (shown in Fig. 13) which

very clearly shows the progress of the same.

Still plainer is this progress shown in the view taken at the same

place on March 10, 1899 (see Fig. 14), where the trough had reached

a depth of 0.35 m. (14 in.).

I am indebted to Mr. Schweitzer, director of the Lausitz Railroad, for

S /. •sz S3

Figs. 9-1 i.

the illustrations of two longitudinal sections of the branch railroad from

Teuplitz to Sommerfeld, which are both taken from clay cuts (km.

41.35 and 41.65), and are very interesting, for the reason that during

the construction on account of the existing clay bed, a depth of 0.50 m.

(20 in.) to 0.60 m. (24 in.) was given to the ballast, or about 0.3 m.

(12 in.), or 0.4 m. (16 in.) more than the normal requirements.
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Fig. 12.

Fig. 13.

Fig. 14.
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As you will see from Figs. 15 and 16, ribs of clay have formed in

the ballast between the ties, which are about 0.8 m. (32 in.) apart.

These ribs appear to be more or less regular.

The similarity between these views and the results obtained by me
from experiments in 1887 and 1889 are quite noticeable. The views 12

to 14 correspond with the lines 2 and 4 of Fig. 6, where in both cases

Fig. is.

Fig. 16.

gravel ballast was used; and the views 15 and 16 correspond with line

3 in the Fig. 9, and that of Fig. 10, where the ballast consists of gravel.

Our standards prescribe a minimum depth of ballast of 0.20 m.

(8 in.) and that the same shall be thoroughly drained. This depth

appears to have been considered a maximum by most of the construction

officials and without taking into account the character of subsoil.
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Inasmuch as it has ceased to be the practice to put in ballast to the

bottom of the ties before laying the track, the trough formation under

the ties is practically introduced at the very start. From this it is very

readily explained how the transformation should be noticeable in such

comparatively short time of operation, as the photographic vieVv shows us.

That the cost of maintenance of such places could be 5 to 10 times

greater than the original cost of excavating the clay and the construc-

tion of a roadbed of 0.8 (32 in.) to i.o m. (39 in.) in depth hardly

needs any proof. And especially when we consider that in order to

secure the necessary foundation for the track a subsequent excavation

of the clay will have to take place at any rate.

More extensive and of greater import become these transformations

when the longitudinal stringer construction is used on a clay roadbed.

It would therefore recommend itself that the requirements of the stand-

ards (4, Sec. 2) should be supplemented to the effect that in clay or

quicksand embankments and cuts the depth of ballast should be at least

0.20 m. (8 in.) greater than the maximum distance between ties, and

that the ballast can be of sand or other porous material up to a height

of o.iS m. (6 in.) below the bottom.

Three years afterward a greater number of experiments with the

various kinds of ties and ballast upon clay and other sub-grade materials

were made, the results of which were also published partly in the

Zeitschrift filr Bauzvesen, and partly in the Organ fiir den Fortschritt im

Eisenbahnwesen.

For the solution of the question, "Which ballast material affords the

best distribution of force upon the subgrade (or roadbed)," the experi-

mental box, which was 0.95 m. (.,^2_ilW- Icng, 0.50 m. C20 in.) high and

0.15 m. (6 in.) wide, was fitted with a layer of clay 0.20 m. (8 in.) high

at the bottom, on top of which was placed a layer of sand 0.15 m. (6 in.)

high, and then a layer of gravel 0.15 m. (6 in.) high, upon which a tie

of ^ shape was laid. This tie was tamped with the ordinary tamping

pick and then subjected to a load of 4 kg. sq. cm. (57 lbs. per sq. in.), or

8,200 ibs. per sq. ft., by which the rail level was depressed. By the use of

an eccentric the loading was alternately lifted from the tie and again

returned, thus imitating the process of passing a loaded wheel over the

track. As soon as the tie had settled 30 mm. (1.2 in.), which was

registered upon an attached sliding plate, the tie was again raised and

tamped. From time to time photographic views and observations as to

the stage or condition of the expenmenF'wefe" taken by removing the

front wall of the experimental box. After the eleventh tamping the

experiment was considered as complete, and the section shown in Fig. 17

was taken. From this view we can easily see how a short depression,

measuring about 32 cm. (12 in.) to 36 cm. (14 in.) wide has been formed

in the clay with an upward swelling on each side. The pressure trans-

mitted from the tie has accordingly distributed itself over this small

width when the depth below the bottom of the tie was 0.30 m. (12 in.).
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Fig. 17.

It is also interesting to note how a peculiar coffer formation iiad

developed between the sand and gravel, whose circumference has a radius

of 0.37 m. (1414 in.).

In a subsequent experiment broken stone was used in place of gravel,

otherwise the procedure was the same. From a photograph of the

section after the fifth tamping (see Fig. 18) a depression in the clay

Fig. 18.

extending nearly over the entire width of the experimental box (0.70

m.—27^ in.—to 0.75 m.—29^ in.—wide) is noticeable. The distribution

of the force is consequently double that of the previous experiment.

Still more favorable appears diis distribution when the height of

the stone ballast is increased; in doing this it is judicious to retain a thin

layer of sand so as to prevent the larger pieces of broken stone from

entering into the clay. As will appear from the section shown in Fig.

19, a depression in the clay has not taken place, and only a few of the

broken stones have gone through the sand to the clay. In emptying

the experimental box, only a very unimportant depression was noticeable.

Finally the behavior of a foundation layer was investigated, and
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Fig. 19.

after the fourth tamping the section shown in Fig. 20 was taken. The
stones of the foundation Layer have penetrated the clay rather deep, and
not only those in the center, but also the stones on the sides, from which
we can conclude that the force transmitted through the tie has distrib-

uted itself nearly over the entire width of the box.

Fig. 20.

Hence the most favorable distribution of forces is accomplished by

the use of ballast of broken stone, with or without a foundation layer.

The latter is, however, not suitable in a yielding sub-grade, inasmuch

as the stones penetrate into the same, and the yielding soil will swell into

the spaces, thus making the drainage ineffective.

Another group of experiments covers the quality of the ballast

material and its endurance under the pounding of the loads.

Trials were made with gravel from 6 cm. (2^< in.) to 12 cm. (5 in.)

in size, and various kinds of broken stone from .3 cm. (ij4 in.) to 7

\m. (2^4 in-) in size.
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At the end of each test after the sixth to seventh tamping, the stones

were thoroughly dried and screened from 6 mm. (^-in.) in size to dust.

The resulting quantities of the reduced and pulverized ballast material,

taking into consideration the number of blows employed in tamping,

gave the measure of quality of the material.

At i,ooo tamping blows the following amounts of the various mate-

rials tested were transformed into dust

:

Litres. Quarts.

Porphyry from the quarries at Neurode 1.25 1.13

Basalt from Sproitz 1.50 1.36

Basalt from Laubau 1.55 1.41

Graywacke from Wildeman 1.62 1.47

Carboniferous sandstone from Piesburg 1.76 1.62

Quartzite from Neisky * 2.33 2.21

Granite from Moltke-felsen 2.64 2.39

Diorite from Saarbriicken 2.87 2.60

Slag from Julien Furnace 2.89 2.62

Slag from Menenkirchen 3.45 3.13

Granite from best layers at Striegan 4.02 3.65

Screened gravel from Sagan 4.54 4.12

Ordinary furnace slag 4.80 4.35

According to this, the harder stone is possessed of a resistance three

times greater than that of gravel. And as the difference in lines of

depression as found between stone and gravel led to a further investiga-

tion, it was found that the use of broken hard stone as ballast requires
,

only about one-sixth to one-seventh of the material and only one-third the

cost of labor for track maintenance compared with the use of gravel. ^

From this, however, we should not reach the conclusion that it is

advantageous to use hard stone ballast in all cases, for not only must

we consider the cost of the same, but also the amount and character of

the traffic.

In assuming the following prices

:

Cu. Meter. Cu. Yard.

Stone ballast made of best hardstone. . . . 5 M. = $1.12

Stone ballast of medium quality 4 M. = 0.74

Gravel ballast (screened) 2 M. = 0.37

We find from a rough calculation that for a traffic of 2,000 axles

per day the use of stone ballast made from the best stone is advantage-

ous ; where traffic ranges from 1,000 to 2,000 axles per day the use of

stone ballast of medium quality is desirable, and with less traffic screened

gravel or even ordinary gravel ought to be used. .Should the broken

stone be cheaper, naturally it would be better to use it where the traffic is

less than stated above, and the same holds with the gravel where its

price is low.

The quality of the gravel, i. e., the hardness of the same, must also
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be taken into consideration, for it makes a great diflference whether the

gravel comes from sandstone mountains or is taken from an ordinary

gravel deposit, derived chiefly from primitive rock formations.

In the use of broken stone, besides the quality of the stone, the

sizes of the individual stones is of importance to secure a solid founda-

tion for the tie. If the broken stone ballast consists of stones from 3 cm.

(iJ4 in.) to 7 cm. (2^ in.) in size, as it is mostly delivered, then with

the use of an iron tie (see Fig. 3-1), it requires five or six tampings

before it acquires a permanent position, i. e., enough of the stones

under the ties must be reduced so as to fill up the vacant spaces. It is,

therefore, advisable to retain in the broken stone pieces so small as

8 mm. (3^-in.) in size, and even 6 mm. (%-'m.).

Such ballast (broken stone with small fragments) is generally about

0.5 M. (1254 cents), or 9.3 cents per cu. yd. cheaper than the former,

and besides has the advantage of securing a solid bed after the second or

third tamping.

During my visit to Sproitz this year, where a great basalt quarry

is in operation, I found a dump of material which the operators call

''gries basalt kies" (small basalt screenings), and explained to me that

it was the screening from broken stone. It varied from 6 mm. (^-in.)

to 30 mm. (iJ4 ill.) in size, and is not now used for railroad purposes.

In examining the dump I found small broken material free from dust,

which, in my opinion, is splendidly fitted for tamping. After an experi-

ment on a small scale I obtained more of this material and met with

very good results, particularly with the longitudinal superstructure.

The owners, the Sproitzer Quarry Company, have about 80,000 cbm.

(i55,qpo cu. yds.) on hand, and are willing to dispose of the same at

2.50 M. per cbm. (46^4 cents per cu. yd.). This oflfer seems very reason-

able, and I can certainly recommend the material.

Fig. 21.

How the ballast under the tie in course of time becomes pulverized

and thereby crusts the upper layer of the ballast, thus causing obstruc-

tion to the drainage, is shown in another test made with slag from

Neuenkirchen.

The section shown in Fig. 21 was taken after the tie has been

tamped six times with the originally even and pure broken slag, and was
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each time brought down 20 mm. (0.8 in.) by loading it. Only a small

condensation is noticeable under the edge of the tie. In the section

shown in Fig. 22, taken after the tenth tamping, the pulverization has

assumed a greater proportion; it has even advanced into the cofifer of

the tie.

^

.

Fig. 22.

The third section (see Fig. 23), taken after the fourteenth tamping,

and more so the section in Fig. 24, which was taken after the seventeenth

tamping, illustrate very clearly the further progress in the destruction of

the ballast. The pulverization has extended under the entire coffer of

the tile and has penetrated the ballast 0.15 m. (6 in.) below the tamping

Fig. 23.

'^'A-'Vk^.

Fig. 24.
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edge of the tie, extending on both sides from 20 (8 in.) to 24 cm.

(10 in.). This body became so tight as to prevent water from going

through, while the lower part of the ballast, even filled up with smaller

parts, was still capable of discharging all surface water.

This general destruction of the ballast, called "mud pumping," and

particularly so with the use of worn ties, is very noticeable in all tracks

where the renewal of the ballast is not taken up in time. I might call

this the weakest point in the entire maintenance of track, because

wherever it occurs it is impossible to have a good track. The entire rail

assumes a waving motion each time a load is applied, the ties become

centerbound and the fastenings wear off and become loose, so as to

require renewal in a very short time if the ballast is not renewed.

To a considerable extent the opinion still prevails that this mud
formation is caused less through the destroying effect of tamping than

through the swelling arising from the clay sub-soil. This impression,

however, is erroneous, as we can readily see by excavating the ballast

from under a muddy tie. We will always find with iron as well as

wooden ties that the mud comes directly out from under the tie, and

below it for about 10 cm. ([ in.) to 12 cm. (5 in.) we will find a crusty,

dark-colored body, preventing any discharge, while at a greater depth,

whether ballast is of sand, gravel or broken stone, it is found to be clean

and with drainage properties.

In order to make this clear the following experiment was made:
In the bottom of the experiment box a layer of clay was put : on it a

thin layer of sand, and then broken stone of the best Striedauer granite,

upon which the tie (pat. 51 of the Prussian State Railways) was laid,

tamped in the ordinary manner, and the loads applied. After the first

^4

Fig. 26.

tamping the section shown in Fig. 26 was taken, from which no change

is apparent.

A little more can be noticed after the fourth tamping, shown in

Fig. 27, but a considerable progress in the destruction is noticeable after
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Fig. 2";.

Fig. 28.
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the eighth tamping, shown in Fig. 28, where we will notice the forma-

tion of a peculiar coffer under the tie, and also a slight depression

in the clay. A swelling of the clay towards the tie has, however, not as

yet occurred.

Fig. 29 shows a section taken after the twelfth tamping, that part

of the ballast under the tie is thoroughly pulverized, and prevents drain-

age, while the lower part of the ballast will still let water go through.

A swelling of the clay up to this pulverized formation is not as yet

noticeable, but a depression in the clay extending over the entire width

of the box, similar to that shown in Fig. 18. This again is an illustra-

tion of the favorable distribution of the loading, which can be obtained

with broken stone.

The removal of the mud formation in gravel as well as broken

stone ballast is best accomplished by a complete renewal of the ballast

down to where drainage still exists, which generally takes only about 0.5

cbm. (0.65 cu. yd.) per linear m. of track, inasmuch as at least 0.2 cbm.

(0.26 cu. yd.) of the old material can be used again after it has been

dried and screened.

If the ballast is not renewed, as is the case generally where- wooden

ties are in use, a ditch should be made between the ties, reaching to the

tcp of the still draining ballast (see Fig. 30), so that the water and

/2-J^<irn
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Fig. 20.

mud can discharge into the same ; new ballast material should be used

in filling up the ditch, which can eventually be used for tamping, etc.

For this method about 0.25 cbm. (0.32 cu. yd.) per lin. m. of track

is required.

Recently in an effort to strengthen the joint, the ties at that point

were laid so close together (on the St. Gotthard Railroad, 0.15 m.—

6

in.—between the ties) that it became impossible to properly tamp the ties

from the side next to the joint. Partly the tamping of the ties from

the sides of the joints has been purposely omitted, under the assumption

that it is sufficient to tamp the ties from one side. This, however, is a

mistake, and in order to prove this by figures a sufficiently loaded tim-

ber tie was placed upon selected fine sand, and after several ordinary

tampings was raised about 3 cm. (1.2 in.) and then tamped from one

side only. Afterward the tie was very carefully removed from its bed,

and the firmness of the same was tested in the simple manner of loading
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a rammer (stamp) of 3 cm. square (1.2 sq. in.), and Fig. 31 shows

the average loading line which was formed from several readings.

At about 70 mm. (2.8 in.) from the corner of the tie the resistance

amounted to 4.0 kg. per sq. cm. (56.88 lbs. sq. in., 8,208 per sq. ft.),

decreasing, however, very rapidly and becoming only 2.5 kg. sq. cm.

(35-55 per sq. in., or 5,119 per sq. ft.) at a distance of 145 mm.

(5.7 in.). From the last point the line of loading ran somewhat flat

and showed at a distance of 245 mm. (9.6 in.) only i kg. sq. cm. (14.22

per sq. in.). The resistance of the untamped part of the tie is conse-

quently only onc-quartcr as great as that of the tamped part.

\f V ^) »^ x:-'^

' 3S IS no i4^nsxoiU\i\
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Figs. 31, 32. 33,

The tie must, therefore, on the application of a load, tilt toward the

inner side, so that instead of the distance between supports ("a" in Fig.

32) a greater length occurs ("b" in Fig. 33).

In order to determine how far a one-sided tamping can extend, an

experiment was made with a 40 cm. (1534 in.) wide plank, thoroughly

tamped on one side, and readings were taken which showed a resistance

of 5 kg. sq. cm. (71.10 per sq. in.) at a point 9 cm. (3]/ in.) from edge

Fig. 34-

of the plank, decreasing, however, very rapidly to 1.7 kg. sq. cm. (24.17

per sq. in.) at a distance of 195 mm- (77 i"-), and reducing to the

hardly perceptible amount of o.i kg. sq. cm. (0.142 per sq. in.) at a dis-

tance of 38 cm. (15 in.). (See Fig. 34.)
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The form of the tamping pick has also some influence on effective

tamping. The form generally used is curved to a radius of l.o m.

(3-3 ft.) (see Fig. 35), with which an ordinary-sized man can perform

right good work, with tics having at least 0.31 m. (12.2 in.) (for wooden

ties) of clear space between them. In shorter spacing a pick with a

shorter radius must be used, and some are made with a radius of 0.6 m.

(2 ft.). For wooden ties 0.26 in. (10.2 in.) wide and 0.16 m. (6.6 in.)

deep, a minimum distance of 0.50 m. (19.7 in.) from center to center

of tie is the limit for the use of curved tamping pick, when good tamp-

ing is expected. Iron cross-tics of the pat. 51 of the Prussian State Rail-

I (

Fig. 35.

i

ways can be tamped at 0.20 m. (8 in.) and ties of T form even at

o.io m. (4 in.).

As a result of a debate which took place here about five years ago,

at which Messrs. Heindl and Hoheneggcr were present, I have made

a number of experiments as to the influence of the form of this tie, and

I wish to inform you of the principal object I had in view. When an

iron tie of hollow form is to be tamped it becomes necessary to loosen

the ballast, and only after the rail has been lifted (see Figs. 36 and 37)

can the ballast be forced into the hollow space of the tie (see Fig. 38).

The extra work of loosening the ballast and forcing the same upward

is peculiar to all ties of the hollow shape.

With wooden ties whose under surface is even the filling of the

space caused by lifting the tie occurs at the time of lifting. It is the

same with iron ties with a middle rib.

A result of these various effects is the fact, which is known to

nearly all who are entrusted with the maintenance of the roadbed, that

a box-skafcd tie in gravel ballast will settle about 15 (0.6 in.) to 20 mm.
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(0.8 in.) after tamping before the tie secures a solid bed, while a

wooden tie will settle not quite half so much.

From a number of investigations made with various tie spacings

it was further demonstrated that in both kinds of ties a reduction in the

spacing is beneficial and that the cost of track maintenance for the

various spacing of 95 cm. (36 in.)
; 75 cm. (27 in.) ; 55 cm. (18 in.), are

in the ratio of 6 : 5 14, which agrees quite well with the results obtained

in practice.

rCrr.'S'-^ivM't'r:'!

Figs. 36, 37, 38.

Another result of the experiments showed that the cost of track

maintenance for [\ shaped ties compared with '^ shaped ties is in the

ratio of 2 : I for gravel ballast. This, however, has not been verified

from practice. It is, hov/ever, generally known that with the n shaped

tie, broken stone is used in tracks where, with the use of wooden ties,

gravel would answer. The loosening of the ballast necessary at .each

tamping of the f\ tie is no doubt extra work, compared with the wooden

tie and ties of T pattern.

The sections which were taken from these experiments were at that

time published in the Zeitschrift fiir Bauwesen, 1896 and 1897, and also

in the Organ filr den Fortschritt im Eisenbahnzvcsen, 1897, and I desire

to call your attention to the fact that the form of ballast coffer found by

these experiments was alike in both types of ties.

On the process which the ballast undergoes as to transformation

and movement, Dr. Zimmer in his work, "The Calculation of Railroad

Track," page 112, gives some theoretical calculations and discussions

from which he found that the ballast tends to form logarithmical spiral
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lines leading from the top part of the tie. That such was also the

case in my experiments can be seen in Fig. 39.

f'P'TT^^

Fig. 39.

These movements are more prominent in moist ballast and less when

in a dry condition; for that reason more trouble is experienced with

the track in wet weather.

The same appearance occurs both with wooden ties and with the T

tie. In the latter these movements follow very closely the shape of the

tie, and this tie will perform its function best when the ballast is most

compressed at the edges of the ties.

These advantages of the ^ tie lead me to recommend for use as

cross-ties the shape of the longitudinal tie used as early as i860 by Mac-

Donnel on the Great Western Railroad. In doing so I have endeavored

to devise a mode of fastening which requires neither clamp plates nor

bolts, nor punching of the top part of the tie. The form of this tie was

made /+\ The fastening is made of two parts, i. e., one clamp level

and one wedge. Fig. 40 represents the first execution of this type.

Fig. 40.

The rib in the. top of the tie is cut out for the rail seat and the

tie-plate which is fitted with lugs. The clamp lever is slotted, catching
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under the rib on top of the tie and resting with its short end on the

foot of the rail, and the other end is fastened by means of a wedge

riding upon the rib of the tie. Originally this wedge was smooth, but

later was made toothed. The sample shown in Fig. 41 also shows the

FiG.('4iJ «f7-

spacing of the ties at the joint, which by the use of these ties can be

brought down to 10 cm. (4 in.) between the ties, without tamping being

made difficult. The angle bars extend on both sides and also between

the ties, thus transferring directly to the ties the thrust due to creeping.

The State Railway managements at Breslau and Kattowitz were each

authorized by the Minister of Public Works to build an experimental

line of 1,000 m. (3,280 ft.) in length. One of these lines, between

Leignitz and Breslau, was laid in October and November, 1897, and the

smooth wedge (Fig. 40), with a bent strip of tin, was used. Other

kinds of fastenings were also tried, such as wooden wedges, clamp

screws and lateral wedges, none of which, however, gave satisfaction.

Then the arrangement shown in Fig. 41, with the long clamp lever and

tooth wedge, was applied and has given perfect satisfaction.

The other experimental stretch is between Staventizitz and Kandr-

zim, where the traffic is from 60 to 70 trains per day, and with a grade of

I : 100 (Kandrzim to Gleiwitz). It was built as shown in Fig. 41, except

that teeth in the wedges were made slightly higher.

While it is out of the question to pass final judgment upon this type

of construction, still we have been able to learn after three-fourths and

lyi years that these ties do not sink any more than the wooden ties and

those of pattern No. 51, with which the line chosen for the experiment was

laid. The joints are remarkable for their especially solid support.

It has also been proven that these ties are more easily tamped than

any other form. For ordinary tamping no lever (or track jack) is

needed.
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In the district of Essen, on the State Railroads, a small experi-

ment with this tie was also made, but no confidence was placed in the

use of the wedge, and a bolt fastening was used instead.

Should the clamp lever fastening reallj- prove a failure, or should

the fear be realized that the slotting of the upper rib is a disadvantage,

then of course it would be better to abandon the upper rib and adopt

a construction of the type sliown in Fig. 42. This the experiments will

Fig. 42. ,

soon prove. But, in conclusion, I would recommend you use in place

of a completely hollow tie of the usual shape, one with a middle rib,

whether it be of the form described or not.

DISCUSSION.

Privy Counsellor of Construction, Mr. Blum:—I desire first to make

a few remarks on the "'packing layer." jNIr. Schubert has stated that

the packing layer works itself into the clay. It is necessary that the

packing layer be technically constructed so that it will not be like an

arch. Further, the sharp ends of the stone should be upward, then the

evil complained of will not occur. What we see from the photograph

is not a packing layer but mere stone put in rather regardless of any

plan. It is quite natural that in a bad packing layer the stones should

bury themselves in the clay, and therefore it is necessary to put in a

thin layer of sand over the clay and then the broken stone ; the packing

layer, however, is considerably cheaper than broken stone, as no doubt

is generally known.

I would ask if experiments with "basalt lava" have been made?

This is the best stone ballast, for the reason that it retains its edges.

Regarding the tamping of the ties from one side, I wish to say that
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Fig. a—Longitudinal Section Showing Distortion of a Clay Roadbed.

Fig. B—Cross-Section Showing Distortion of a Clay Roadbed.

.d^^

Fig. C—Section of a Roadbed with Packing Layer Constructed

Through a Clay Cut in 1879.

Fig. D—Section of Roadbed Shown in Fig. C as Found in 1888.

Fig. E—Section of a Single-Track Roadbed Built in 1873, Showing
Vertical and Lateral Distortion of Subsoil.

Fig. F—Section of Double-Track Roadbed on Clay Embankment Built

IN 1873, Showing Distortion Both Under Cross-Ties

AND Longitudinal Sleepers.



BALLASTING. 127

Mr. Wassutizky made observations on the Warsaw-Vienna line, from

which it was found that the support of the ties is still open to question,

even though the ties are put close together ; therefore if the ties were

laid so close as to touch each other and tamped from the outside, we

would meet with better results.

As far as the tie with a middle rib is concerned, it beds itself very

well; while with a hollow shaped tie the support is always uncertain.

In the tie described by Mr. Schubert, I find, however, the weakness in

cutting out the rib where it is most needed; therefore the greater resist-

ance which is thought to be accomplished through the middle rib is again

removed.

Mr. Schubert:—Experiments with basalt lava have not been made.

The speaker referred to an ideal packing layer, which could only

be constructed with considerable difficulty and surely cannot be made

in practice. I would rather recommend that the stone be laid flat,

tightly against each other; for it is all important to prevent the clay

from coming through the stone. The packing layer shown in Fig. 20

was originally placed tightly together upon the horizontal surface of

the clay; the stones under the tie were accidentally placed with their

broad sides vertically to the view, the other stones stand differently,

however, and these, even though they are more distant from the center,

have penetrated the clay.

Privy Counsellor of Construction, Mr. Wolff :—I can only confirm

Mr. Schubert's statement that ideal packing layer cannot be had in prac-

tice and that it is better to use sand. I have noticed the upswelling of

clay in broken stone ballast 70 cm. (27.5 in.) deep.





^^EPORT OF COMMITTEE NO. XIV.—ON YARDS
AND TERMINALS.

To the Members of the American Railzuay Engineering and Maintenance

of IVay Association:

Your Committee on Yards and Terminals submits herewith its

seventh annual report. This report is principally the result of confer-

ence by correspondence.

The work of the year has been devoted mainly to the subject of

hump yards, especially in regard to the profile of the hump and the

results of operations of yards of this class. In addition to this, there

has been some revision of the definitions and conclusions submitted in

former reports

.

A.—YARD AND TER^IINAL IMPROVEMENTS.

One of the notable feature of the extensive railway improvement

works that have been carried out during the past few years (and are

still in progress and projected) is the number of cases of reconstruction

or improvement of j^ards and terminals. This is, however, but a be-

ginning in view of the rapid growth of traffic and the consequent

necessity of proper facilities for handling it promptly, efficiently and

economically. In fact, it is hardly too much to say that yard improve-

ment and terminal facilities deserve as much attention as the revision

of grades and curves. This applies not only to large city terminals,

but also to division yards in which the traffic must be handled on its

way to destination. In this connection your Committee thinks it of

sufficient interest to quote the following extracts from an article in the

Iron Age of September 7, 1905

:

"The transportation facilities of the country broke down under the

weight of prosperity in 1902 and 1503, not so much because the supply

of locomotives and cars was insufficient, though that was a factor, as

from the utter inadequacy of terminal facilities. It will be recalled how
the president and other leading officers of the Pennsylvania Railroad

spent days at Pittsburg when the freight lilockade of early 1903 was

at its worst, concentrating the managerial talent of the entire system

upon a problem that for weeks had been drifting into a hopeless state.

I2Q
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In every important railroad city in the country the question of terminals

has been a threatening one for years. Naturally it is one of infinite

difficulty, the acquisition of needed property being often a matter

of years. Moreover, expenditures for terminals have so much of the

element of providing for the distant future that directorates find it

expedient to postpone them and put money into equipment that can

begin paying its way the day it is delivered from the maker. Frequently

the heavy outlay involved in terminal improvements and the obstacles

to financing them in times of slack business have put them off indefi-

nitely. Yet it has been demonstrated time and again that the returns

terminal expenditures would have yielded in the next burst of pros-

perity following their completion would have paid interest on the money

for years.

"What is spoken of as the 'usual car shortage' of crop-moving time

is already having attention in trade forecasts. If it becomes accentuated

in the next few months, it can be set down as due not so much to the

lack of engines and cars as to the continued failure to adopt and carry

out through thick and thin a policy of providing adequate tracks and

yards at the centers in which freight congestion has been most ag-

gravated."

B.—BIBLIOGRAPHY.

A bibliography of literature on the subject of yards and terminals

generally was given as an appendix to the Committee's report last

year, and this will be brought up to date by a list of some of the most

important papers on the subject in technical literature published during

the year 1905, and printed in a later Bulletin.

C—HUMP YARDS (DESCRIPTION).

The main functions of a railway yard are to receive trains passing over

the road, to separate and classify the cars for their proper destina-

tions, and to put the cars together into trains for forwarding. An
important consideration is that this should be done in the most eco-

nomical way, both as to time and cost, and the evidence at hand seems

to show very conclusively that these results can best be attained in the

"hump" type of yard. In the replies received by the Committee, the

opinions expressed were almost universally in favor of the hump yard

as compared with other types, and the advantages were summarized

by one writer as follows

:

"Hump yards, in my opinion, are very much more rapid in their

work and in the handling of cars than any other types of yards in

general use. If thoroughly equipped with engines of sufficient tractive
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power, humps of proper grades, enough riders to handle each cut of

cars without delay, and a proper system of marking cuts and indicating

to the switchmen where they go, the yard will not only work faster

than any other type, but will do it at less cost, and with much less

damage to the cars and to the merchandise handled in them."

On the other hand, it must be remembered that the hump yard is

still in its infancy as to design and in a minority as to actual numbers.

Consequently, an absolute unanimity of opinion cannot be looked for,

and this type must be expected to have some opponents. One objec-

tion that has been made is that cars are more liable to be damaged

when handled in this way by gravity, but this is quite at variance with

the experience of most of those who have had such yards under their

charge. It is, of course, possible that in a yard improperly handled

considerable damage might be done, but this is no argument against the

type of yard.

A hump yard is one in which the movement of cars is produced

by pushing them over a summit, beyond which they run by gravity. A
train of cars to be separated or classified is slowly pushed over the sum-

mit, each car or cut of cars being uncoupled and acquiring an impetus

on the steep down grade which enables it to run onto the proper

classification track by gravity without other assistance. A car rider or

brakeman boards each car or cut of cars as it starts down the grade

and controls it so as to stop it at the desired point on its track and to

prevent damage due to cars being run together at too high a speed.

The movement from the base of the summit may be facilitated by an

assisting grade. Connecting or run-around tracks provide for the move-

ment of cars which do not require to pass over the hump.

To provide for the proper performance of its work the yard should

comprise receiving tracks, classification tracks, and departure tracks.

The receiving tracks should be of sufficient length to hold a maximum
train and sufficient in number to receive in quick succession a number

of trains which may have been detained out on the line by a wreck or

other cause. This number of tracks will, of course, depend upon the

amount of ti-affic on the road. The grade of the receiving tracks should

be such that one engine can push the entire train over the hump.

The receiving tracks are connected with the classification tracks

over the hump by switches in such a way that cars on any receiving

track can be pushed over the hump into any classification track. The
tracks approaching the sum.mit should be on a slight up grade to ensure
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that the cars are closed up so that they can be readily uncoupled at

the hump without causing delay.

Hump yards cannot be properly operated without riders on the cars,

and in considering the accelerating grades for the hump this fact must be

borne in mind. The descending or accelerating grades of the hump should

be such that the cars will run by gravity from the summit to their proper

destinations on the classification tracks. The exact grades must be deter-

mined by experience with the class of business handled and the local

conditions. The amount of elevation and rates of grade required will

vary with different kinds of cars and traffic handled, and also with the

varying climatic conditions : that is to say, loaded cars will run more

easily than empty cars, and the cars will run more easily in summer

than in winter. The details, therefore, vary in practice in different

yards. Some examples are given in this report. (See also Appendix

No. 2.)

The tracks in the classification yard need not, as a rule, be of

sufficient length to hold full or maximum trains. Their length will

depend upon local conditions and the number of clas'sifications needed.

A length sufficient for half a train is usually enough, provided a suffi-

cient number of tracks can be put in to allow of the number of classifica-

tions wanted for the different destinations and for bad-order and hold-

over cars. It is desirable to keep the distance from the hump to the end

of the switches as short as possible, and for this purpose the "double-
V"

shaped layout for switches is usually the best. (See Appendix No. i;

Enola Yard; Fairview, Pa.; Pennsylvania Railroad.)

Beyond the classification tracks are located the departure tracks.

These should be of full length to take a maximum train, and of

sufficient number so that trains can be pushed from the classification

tracks as soon as they are made up. These tracks should be provided

with a compressed air plant for testing the train brakes and hose so

that there will be no loss of time by requiring the road engine to do

this service. In some cases the cars are made up into trains on the

classification tracks which thus serve the double duty of classification

tracks and departure tracks. The tracks of a classification yard so

used should be of full train length.

The cars on any one track in the classification yard are, as a general

thing, not arranged in proper order for handling in trains. A consid-

erable amount of shifting has therefore to be done in order to put the

cars in proper train order, and it has been suggested that this part

of the work might be greatly facilitated by passing the cars over
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a second hump into the departure yard. Inquiry was made by the Com-

mittee to see if this plan would be considered advisable, but the replies

received were almost unanimously opposed to the use of a second hump

for this purpose.

D.—HUMP YARDS (OPERATION).

The Committee has made a special endeavor to obtain information

as to the operating results of hump yards, and is able to put on record

some valuable information in this direction. The comments and state-

ment made in regard to each case are made by the persons furnishing

the information.

In regard to the engines employed for pushing the trains over the

hump, attention may be called to the immense locomotives of the

decapod (o-io-o) type, specially built for this purpose in the gravity

yards of the Lake Shore & Michigan Southern Railway. These have

a tractive power of 57,000 lbs., as compared with 28,200 to .38,220 lbs.,

for other engines noted in the records given below. The dimensions of

the engines for the Lake Shore & Michigan Southern Railway are

as follows

:

Cylinders 24x28 in.

Driving wheels 4 ft. 4 m.

Wheelbase, engine 19 ft. o in.

Wheelbase, engine and tender 45 ft. 5^ in.

Boiler, diameter 6 ft. 8 in.

Boiler pressure 210 lbs.

Firebox 9 ft. x 6 ft. 114 in.

Weight, engine • • I35 tons.

Weight, engine and tender 210 tons.

Tractive power 57,ooo lbs.

Haselton Yard (Pittsburg & Lake Erie Railway).—The following

statement concerning the handling of cars in this yard was the result

of observation of the work done in the yard by a man placed there for

that purpose on November 16, 17 and 18, 1905. The time selected had

no relation to any particular movement being made through the yard,

and as the observations were made without the knowledge of the operat-

ing officials, they represent a fair daily average of the work done :

Number of trains observed 35

Total number of cars observed 1,242

Total number of cuts 494

Average number of cars per train 35.5

Average number of cuts per train 14.

i

Average number of cars in cut 2.51
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Total time consumed from time draft starts

for hump until cars are disposed of and

engine returns and clears hump track. 1.525 minutes-.

Average per train 15

Average per car 0.42

Total delays at hump awaiting rider 115 "

Actual time required to handle said cars over

hump (525 less 115) 410

Average per train 11.71
"

Average per car 0.33
"

During the time of observation one train of 44 cars with 5 cuts was

handled over the hump in 8 minutes.

Average time per car 0.18 minutes.

Total number cars handled over this hump :

September, 1905—day I5,9i9

September, 1905—night 13,163

October, 1905—day 17,260

October, 1905—night 13,853

Average in 24 hours 987

Full crew at Haselton hump is as follows

:

I Engineman.

I Fireman.

I Conductor.

I Brakeman (with the engine)

1 Brakeman (to cut the cars).

8 Riders.

2 Switchmen.

The trains are handled as follows : Upon the arrival of a train in

the receiving yard it is inspected and the yard clerk takes a list of the

cars in the train in their order and brings it to the yardmaster's office,

where the conductor makes out a list of the cuts in the train in their

order, designating the destination of each cut. This list is furnished to

each switchman and the train is classified in conformity with it. It

takes about 25 minutes to make the average train ready for classification.

(A profile of the hump in the Haselton yard is given in Fig. 12.)

Elkhart and Collinvvood Yards (Lake Shore & Michigan

Southern Railway).—These are among the most recent of large hump

yards, and are notable for the enormous engines used (as noted above).

Each of these yards has two humps, and a partial plan of the Elkhart

yard is shown in Fig. i. The grades for each hump are as follows:
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Eastbound, 0.83 per cent, for approach, 0.85 per cent, to summit, 4 per

cent, accelerating grade, and i per cent, on the leads to the classification

tracks. Westbound, 0.63 per cent, for the approach, 2 per cent, to the

summit, 4 per cent, accelerating grade, and 2 per cent, and i per cent,

for the two leads on opposite sides of the classification yard. One

engine (o-io-o type) of 135 tons is used for each hump, having

a tractive power of 57,600 lbs. As an average there are

nine riders to each hump (nine by day and eleven at night

at Collinwood). The switches are operated by hand, with three

switchmen to each hump. At the Collinwood yard four switchmen are

employed by day and by night, but as the humps are opposite each other,

it is possible to double up the switchmen so as to work two crews day

and night with twelve men. The westbound classification yard has 18

tracks: 7 for 90 cars, i for 130 cars (stock-car cleaning track), and 10

for 45 to 55 cars each. The eastbound classification yard has 14 tracks

:

7 for 90 cars and 7 for 45 to 55 cars each. The cuts are designated by

means of a switch list, copies being furnished to the switchmen and to

the conductors who attend to the cutting of the cars. The list shows

the number of cars in each cut and the track upon which they are to go.

As manj' as 130 cars have been handled in one train over the hump

at the Collinwood yard, but the average is from 70 to 80 cars at both

Collinwood and Elkhart. The number of cars in each cut varies very

much, but averages six cars westbound and three cars eastbound, the

westbound trains being more solid on account of having already passed

through the Collinwood yard. At Collinwood they average 60 cuts per

train westbound and 40 cuts per train eastbound. The average time

required for classifying the maximum train varies according to the

number of riders employed. The trains are handled rapidly, and at

Elkhart nine cuts will go over the hump in less than ten minutes ; if

there are more than nine cuts in a train there is a delay, of course,

while waiting for the riders to return. At Collinwood a maxnnum train

can be properly classified in about 25 minutes with ten riders, but when

able to double up with men from the other humps this can be reduced

to 10 minutes. The number of cars put through the Elkhart yard in

24 hours is about 2,000, or from 1,600 to 2,900. At Collinwood the

'average over each hump is about 900 cars, the maximum capacity of the

hump being considered as 100 cars per hour ; the movement through the

entire yard is about 5,500 cars ; but of course a large tiumber of cars

are not handled over the hump.

The hump yard is considered far superior to other methods both
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as to speed and economy, the economy implying not only less damage

to cars but also greater service from the terminal plant. As to the

economic handling of cars, it is estimated by the officials furnishing the

information as to this road that as a general proposition a business

of 1,500 cars and upward per day that require grouping, would justify

the adoption of a hump yard. The advantages of such a yard are

felt to a much greater e.xtent at the next division terminal than at

the yard itself.

As to the advisability or practicability of passing cars over a second

hump beyond the classification yard in order to put them in order for

trains in the departure yard, this depends upon the volume of business

and whether or not the conditions justify the holding of cars of some

particular class to make full trains. As a rule, two or three groups are

run in each train, and with a sufficient number of classification tracks a

second hump would be not only unnecessary but inadvisable. It is also

considered that for grouping cars on the departure tracks, switching on

the flat is cheaper and more satisfactory, because the cuts would be

larger and consequently require a greater number of riders on each

cut to control it. In addition, the length of yard would be increased

too much. A departure yard should lie at the extreme end of the

classification yard, and so connected that the groups could be pushed

readily into the departure yard and run therefrom without again

handling them, this yard being practically a storage yard for completed

trains. It is further stated that a departure yard for a large business

is quite desirable as a relief yard in cases of shortage of power or

delays from other causes, but as a daily proposition it simply me. ..s

one more yard movement and considerable cost and delay.

West Albany Yard (New York Central & Hudson River Rail-

road).—The grades and arrangement of summit are shown on the accom-

panying profile (Fig. 2). Two engines, day and night, are used in classi-

fying cars over the stnnmit. These engines are the heaviest switching

power; their rating is 34.3 per cent.

The number of car riders varies. In October, 1905, there were

twelve, but during the heavy rush of eastbound freight there are some-

times as many as twenty car riders in that part of the yard during

certain periods of the day. When the busmess is light this number is

often reduced to eight. The switches are operated by hand. Five

switchmen are employed, each man having charge of five switches.
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There are twenty-five tracks in the classification yard, and the length

of these tracks is 2,450 ft.

For designating the number of cars of each cut, the cars are

switched from chalk marks placed on them by the car marker, the

necessary information being obtained from the running slips. The chalk

mark shows the destination, grouping and tonnage.

The number of cars handled in one train over the summit varies

according to the number of cars arriving in trains from the west.

Ordinarily the 85-car trains are cut in two parts, as this facilitates the

handling, but in some cases full trains of 80 cars have been handled.

The average number of cars per cut over the summit is i^. From

70 to 75 cars per hour are handled over the summit, and an average

of 1,200 eastbound cars are handled over the summit each 24 hours.

The opinion as to the value of summit or hump yards is that the

"hump" switching greatly facilitates the work of handling cars in the

yard and is much more economical than the old method of tail switching,

as there is a large decrease in the number of cars damaged by switch-

ing in this part of the yard. Under the present conditions and arrange-

ments for handling the eastbound business at West Albany it is not

believed that a second "hump" in the classification yard would be of

any material assistance, as there is not a sufficient number of cars of

any one group to make a full train, it being necessary to double up

several groups in order to get a sufficient number of cars for a train.

An advance or departure yard should be so arranged that the work of

starting trains with road engines and crews will be entirely unmter-

rupted by the handling of trains from the classification yard. In order

to do this there should be sufficient space between them to enable the

engines to continue their work without interruption.

Hawthorne Yard (Chicago, Burlington & Quincy Railway;

Lines East of the Missouri River).—This yard is between Hawthorne

and Clyde, 111. The profile is shown in Fig. 3. The grade of the hump

at the steepest part is 3.2 per cent., and length of hump proper is about

250 ft. The ladder has a grade of about 0.5 per cent, and is about 500 ft.

long. The plan and profile show the layout of track and grade in

detail. Two engines are used in classifying cars over the hump, working from

9 a. m. to 9 p. m.. A scale is located on the hump and cars are weighed

when switched. The tractive power of the engines is 28,200 lbs. each.

Eight men are employed as riders. The switches are operated by hand

;

three switchmen are employed with the engine—two to throw switches

and one to uncouple cars on the hump. There are twenty tracks in the
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classification yard. The length of classification tracks varies from 20

to 35 cars each. The method of designating proper cuts of cars is to

mark on the leading end of the car in chalk the number of the track on

which it is to go, indicating to the men throwing switches the track they

are to line up. Whenever it is wet or dark a list is made simply showing

the cuts of cars without numbers and the tracks on which they are to go.

The maximum number of cars handled in one train over the hump

is thirty. The average number of cuts per maximum train is approxi-

mately twenty. The average time for classifying trains when all conditions

are favorable is approximately fifteen minutes. The average number of

cars passing through the yard in 24 hours is approximately 600, of

which 4C0 pass over the hump.

The value of a summit or hump yard in comparison with other

yards depends upon the amount of switching done. If a train has to

be cut in small parts the hump is valuable even when a comparatively

small number of cars are switched. If, however, a train only requires

one or two cuts, the hump is somewhat of a detriment and there would

have to be a very large traffic before it would be economical.

The same remarks are true of a second hump. A very large amount

of switching and the necessity of having cars in train in station order

might make it economical to have this second hump, but it would only

be in exceptional circumstances that a second hump would be advisable.

If such a departure yard were necessary it should be so arranged

that the second hump would be just beyond the first classification yard

where cars are received from the first hump. The second classification

yard would be beyond the second liump, and the departure yard beyond

that. However, all yard arrangements depend to a very great extent

on the locality to be served.

East St. Louis Yard (Terminal Railway Association of St.

Louis).—The hump yard is located at East St. Louis, parallel with and

next to the receiving yard. The grades, etc., are shown on the accom-

panying profile, Fig. 4. One engine is used in classifying cars on the

hump. The tractive power of the engines is 34,000 lbs. Fourteen car

riders are employed when business is heavy, and from eleven to twelve

when business is light. The switches are operated by hand. Three

switch tenders are employed to throw the switches. There are sixteen

tracks in the classification yard. The length of these tracks is about

1,500 ft.

For designating the number of cars to each cut, cards are

attached to the cars by yard clerks, showing the destination or connec-
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tions to which they are consigned. The maximum number of cars

handled in one cut is twenty-five. The average is eleven cuts per train.

The average time for classifying a maximum train is five minutes.

Between 1,300 and 1,400 cars are put through the yard in 24 hours.

There is very much in favor of hump or gravity yards, for the reas6n

that while there is no decrease in the number of yard men employed

there is a great saving in time, and a saving in the number of switches.

The reason is that when a train is started over the hump it is seldom,

if ever, necessary to stop it and back up, as is the case in an ordinary

yard, which results in a very large decrease in the number of couplers

pulled out and other damage to equipment and contents of cars.

This yard is so arranged that when cars pass over the hump they

are classified into trains. The engines are coupled onto the cars from

the opposite end and haul them to their destinations. This makes the

passing of the cars over a second hump or any further switching with

them unnecessary.

This hump yard is very well adapted for use as a departure yard,

as well as a classification yard, except that if it had been possible to

make the tracks in the yard longer than they are it would have been

more advantageous, as the present yard can be filled entirely in three

or four hours. Tf there had been room, also, the entire lead would

have been elevated to the same level as the hump, so that it would

require very little tractive power to push the train over the hump. This

would have enabled very much longer trains to be handled when

necessary.

Clearing Yard (Chic.\go Union Transfer Railroad).—This com-

pany's yard is located at Clearing, III, fifteen miles from the center of

Chicago. The accompanying drawings. Figs. 5 and 6, show a profile

of the hump and a plan of the general layout of the yard ; the latter

has been foreshortened and is meant only to give information as to the

dififerent tracks.

The hump grade is 4 per cent, for 125 ft., then i^ per cent, for

160 ft. The assisting grade on the ladders is 0.9 per cent, for 1,740 ft.

Two engines are used for classifying cars for each hump, one engine

bringing up a section of the train at a time. The tractive power of

the engines is 38,220 lbs. The number of men used as riders in the

tests noted below was fifteen. The switches are operated from a central

tower by a pneumatic-electric system. There are 42 tracks in the classi-

fication yard, each of these being 2,400 ft. long.

A in-inted card is used for designating the number of cars to each
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cut and the track on which it is to be classified. These cards are made

out in duplicate, one being given to the operator in the tower and the

other to the hump foreman, who cuts all the cars. A copy of these

cards (size 4M,xgJ4 in) is given herewith, Fig. 7. The maximum train

that has been handled over the hump was 1,700 tons, and this was in

August under very favorable conditions.

CHICAGO UNION TRANSFER RAILWAY.

Switching Report for Train of R. R. Kng

Marked M. Switched M.

190 190

No.of
Cuts
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operate continuously throughout the 24 hours. Nevertheless, the results

obtained were considered very satisfactory.

A record of every train was kept and the actual time of passing

each train over the hump was noted. Two engines served the hump,

and the trains (which averaged 40 to 60 cars) were cut in two; each

section was drilled or handled by a single engine. This arrangement

was found to be very efficient, for while one engine was classifying the

other was bringing up a section, and in this way the throat of the yard

was kept served continuously and with the least possible delay. Owing
to the irregularity with which trains were received and the consequent

delays in marking, carding, etc., each section was considered as an

individual train, and in the following record the interval of time

between the last car of one section or train and the first car of the

following section is omitted. These intervals can be reduced to a mini-

mum in the general course of operation. The following table shows

the results of each day's work for a majority of the days that the test

was in progress. It is the result of work over one hump

:

Number
of

Trains.
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arc lamps. Owing to this, the riders were inclined to brake their cars

immediately on reaching the ladder tracks, and thus caused frequent

blockades. Since the time of the test experiments have been made with

a parabolic reflector for each arc lamp, throwing the rays of light in

the direction of the descending grade, and thus lighting up all tracks

on the ladder and for a distance of some 600 ft. down the yard. This

permits the riders to see at all times what is in front of them, and it

is believed that this improvement will greatly facilitate and increase the

speed of classifying trains at night.

NoNcoNNAH Yard, Memphis, Tenn. (Illinois Central Rail-

road).—The accelerating grades of the hump and ladder are as follows:

275 ft. of 2 per cent., 100 ft. of i per cent., 500 ft. of 0.2 per cent.

One 96-ton engine is used in pushing trains over the hump. Five

men are employed as riders and two as switchmen, the switches being

operated by hand. There are seven tracks in the classification yard.

At the hump the man cutting off the cars calls out the number cut off,

and the switchman passes it to the riders.

The maximum number of cars in a cut is twelve, and all cuts of

seven cars and over are controlled by two riders. The average number

of cuts per train is twelve. The average time required for classifying

a maximum train is twenty minutes. The number of cars put through

the yard in 24 hours is about 700.

The hump yard is a great improvement over other types of yards

for the speedy handling of cars. As to the advisability or practicability

of passing cars over a second hump into the departure yard as a substi-

tute for the present shifting, it is thought there is no necessity for a sec-

ond hump if the necessary number of classification tracks are provided

in connection with the first hump. At Nonconnah there is a northbound

and southbound yard, and with the required number of classification

tracks there would be no necessity for the second hump.

Dewitt Yard (New York Central & Hudson River Railroad).—

The grades of the two humps in this yard are different for easlbound

and westbound traffic. For the westbound traffic, which includes many

empty cars and is handled against the prevailing winds, there is a grade

of 4 per cent, for 150 ft. from the summit, then i per cent, for 1,200

ft. through the ladder tracks, while the remainder of the classification

tracks are on a grade of about 0.25 per cent. For the eastbound traffic,

which consists mainly of loaded cars, there is a grade of 2.5 per cent,

for 150 ft. from the summit, followed by i per cent, for 1,200 ft.,

beyond which the classification tracks are practically level. The yard
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is designed for a capacity of 50 trains (or about 3,500 cars) in each

direction in 24 hours. A profile of the hump is shown in Fig. 12.

Alexandria Yard (Washington Southern Railway and Richmond,

Fredericksburg & Potomac Railway).—This yard was built in 1905

for interchange service, and was described in the Engineering News of

Nov. 30, 1905, in an article by Mr. W. A. MacCart, Assistant to the

Principal Assistant Engineer of the Pennsylvania Railroad. The follow-

ing is an extract from that paper, and the profile of the hump is shown

in Fig. 8

:

"The movement of perishable or fast freight is largely northbound,

and therefore a separate receiving and classifying yard has been pro-

vided for this business, but at the same time so arranged that when

necessary the receiving tracks can be used for ordinary freight passing

over the hump. The receiving tracks northbound for fast freight were

made for a 50-car train ; for ordinary freight a 45-car train. The

northbound advance tracks were made for a 50-car train. Southbound

the receiving tracks will hold a 6c-car train and the advance tracks a

50-car train. The classification tracks were made so that a portion of

the number would hold a full train length."

"The grades adopted for the hump are fixed from experience

gained elsewhere, allowance being made for the kind of traffic and

different climatic conditions. The rate of grades approaching the humps,

especially southbound, does not look well and may provoke criticism.

In explanation it may be said that the location for the yard was fixed,

and is between two summits of the main track grades and topography

in such a position that the humps are in the sag of the grade. The

southbound cars have to leave the yard on an ascending grade, and to

reduce this by raising the hump would but have increased the grade

into the southbound receiving tracks."

'Tn order to save room in the length of the yard No. 7 ladders

were used with No. 8 frogs, which is the ruling frog used, although

there are a few specials needed for speed at the main connections or

for other reasons."

Connellsville Yard (Baltimore & Ohio Railroad).—The plan and

profile of this yard are shown in Fig. 9. One engine is used in classify-

ing cars over the hump in this yard; its tractive power is 38,145 lbs.

Twelve men are employed day and night as riders. The switches are

operated by hand, one man being employed by driy and two at night.

There are 11 tracks in the classification yard.

For the purpose of designating the number of cars to each cut, a

yard clerk gets a list of the train ?.s it stands. The yard conductor then

makes a list for his men according to the destinations of the cars. The
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Fig. 9—Connellsvillb Yabd, Baltimore & Ohio Railroad.

ClasBincatlon yard, 607
Storage yard No. 1, 640 i

Storage yard No. 2, B28 c
Storage yard No. 8. 593 a
Reo. yard deyeL, S04 cars

ft. centers.
770 and 890 ft.. 20 ft. center*.

ck. 765 ft.. 0.7% grade.

Fig. II—DoLTON Yard. Chicago & Eastern Iluhois Railroad.
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maximum number of cars handled in one train over the hump is 60.

Most of the cars handled through this yard are loaded with coke, and

each car has to be weighed. The average time for weighing and classi-

fying a train of 50 cars of coke is about 40 minutes. A minimum of

900 and a maximum of 1,100 cars are put through this yard daily. With

reference to the value of hump yards as compared with other yards, the

Baltimore & Ohio officials have the following to say : "It is the opinion

that a hump is the only way to classify cars as far as speed and econ-

omy is concerned. Of course there are some accidents and damages to

cars in handling them in this way, but it is believed that all concede

that the time saved more than repays all costs of damage."

In reference to the advisability of passing cars over a second hump

into the departure yard, the Baltimore & Ohio officials state as follows

:

"With the present conditions an engine has to be used at the west end

of the yard to classify cars after they are put over ihe hump; that is,

we do not have tracks enough to separate the air and non-air cars, and

this engine has to be used to switch sufficient air cars into the trains.

The time will no doubt come, and that soon, when all cars will be

equipped with air, and this feature will therefore be eliminated. We
do not see that any benefit would be derived from the second hump.

The conditions would be just the same on the second hump as they are

on the first unless there were sufficient tracks to classify all cars. What
would seem more desirable would be a storage yard where trains could be

taken after they are made up and stored until power was available to

move them. With the present arrangement, when the classification yard

gets full the weighing and running of cars over the hump has to stop."

The plan and profile are given in Fig. 9 and the profiles of humps

in other yards of the Baltimore & Ohio Railroad are given in Fig. 10.

DoLTON Yard (Chicago & Eastern Illinois Railroad).—A plan

and profile of this new hump yard are given in Fig. 11.

Pennslyvania Yards.—The following extracts from a paper in the

Railroad Gazette of March 12, 1905, by Mr. W. C. Gushing, Chief Engi-

neer of Maintenance of Way of the Southwest System, Pennsylvania

Lines, give some operating results for other hump yards. Appendix

No. 2 also gives a table of grades of hump yards which is taken from

Mr. Cushing's paper, and the profiles of several humps in yards on the

Pennsylvania Railroad as shown in Figs. 12 and 14.

"At Sheridan, Pa., a train of 35 cars can be put over the hump
and separated into 30 cuts in 25 minutes. In another yard where the

method of switching is "push and pull" the time required to break up
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a 35-car train into 15 cuts is one hour and 15 minutes. The weight of

engine used at Sheridan is 169,800 lbs.

"At Harrisburg, Pa., the Pennsylvania Railroad has a series of

yards which were operated until recently by poling. No. i of this series

of yards, the largest eastward unit, is a poling yard where two engines

are used. No. 5, the eastward yard, is now a hump yard. In these

yards the average time for breaking up, by poling, an eastward train

of 80 cars is 50 minutes, while a westward train of 100 cars can be

broken up into 50 cuts over the hump in 35 minutes. A train can be

pushed over the hump in nine minutes, or at the rate of six cuts of two

cars each every minute.

"A consolidation engine weighing 193,000 lbs. can push 130 cars over

the hump as long as the temperature does not drop below 25 degrees

above zero, but below that point it requires two engines coupled."

At the Conway yard (Pennsylvania Company) under good working

conditions an 8o-car train can be broken up over the hump into 60 cuts,

in about one hour, while by the old method of drilling three hours were

required. It must be borne in mind, too, that the cars are weighed

just as they come in the train, while formerly the way cars were cut out

and weighed separately. Every conceivable kind of freight, iron ore, mer-

chandise, stone, sand, sewer pipe, grain and a large number of empty coal

and coke cars eastwardly and coal, coke, merchandise and minerals west-

wardly are handled in the yards. The humps work well, except in the

case of empty cars, due to the poor arrangement of the old ladders, and

the consequent long distance the cars have to run, the result of gradual

growth for many years. The experience emphasizes the desirability of

well-designed ladders. With long ladders, high humps and heavy grades

are necessary. Two consolidation engines, each weighing 174,300 lbs.,

are required to push trains over the humps.

"At Logansport, ^id. (Pennsylvania Company), the standing capacity

of the yard is 2,124 cars. The average business handled is 2,000 cars

a day, and the maximum is 2,821 cars. In ordinary weather it required

from 20 to 25 minutes to break up a train of 85 cars over the hump,

and in zero weather about 50 minutes An engine weighing 174,200 lbs.

is used for the west hump (built in 1900), and one weighing 193,500

lbs. for the east one (built in 1902).

"At Crestline, O. (Pennsylvania Company) there is a standing

capacity of 1,784 cars in both yards, and the daily business is about

1,100 cars, the maximum being 1,330. Under good working conditions it

takes a consolidation engine weighing 124,800 lbs. about 10 or 12 minutes

to dispose of a train of 35 cars into 18 cuts over the hump. These

switches are handled by mechanical levers in a tower nearby."
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E.—HUMP YARDS (CONCLUSIONS).

*(a) A hump yard is the best form of yard for receiving, classify-

ing and making up trains, because cars can be handled through it faster,

with less damage and at less cost than through any other form of yard.

*(b) Hump yards should consist of receiving, classification and

departure tracks, in consecutive order as enumerated.

*(c) Receiving tracks should be of sufficient length to hold a

maximum train.

(d) Receiving tracks should be sufficient in number to hold a

number of trains arriving in quick succession. The number will depend

on the amount and character of traffic handled, and upon the relative

location of the yard with respect to other yards and connections.

(e) If it is possible, the grades of the receiving tracks should be

jsuch that one engine could push the maximum train over the hump.

(f) No definite recommendation can be made for the length and

number of classification tracks, except to say that they need not be

full train length, except when used as departure tracks. Local condi-

tions will govern.

(gj Departure tracks must be full train length and of sufficient

number to provide ample standing room for trains while being tested

for air and while waiting for engines.

(h) The departure yard should be provided with an air hose and

air brake testing plant.

(j) Grades after leaving the summit should be such as to carry

the cars to their proper destination in the yard.

(k) Where the cars to be classified are largely empty or hght cars,

the following grades are recommended for average conditions : 75 ft.

of 1.5 per cent, up grade, approaching summit; 300 ft. of 2.5 per cent,

grade from the summit down ; thence down through the several switches

in the yard, i.o per cent. ; thence down through the remainder of the

yard, 0.5 per cent.

(1) Where the cars to be classified are largely loaded or heavy

cars, the following grades are recommended for average conditions

:

75 ft. of 1.5 per cent, up grade, approaching the summit; 300 ft. of 2

per cent, grade from the summit down ; thence down through the several

switches in the yard, 0.7 per cent.; thence down through the remainder

of the yard, 0.3 per cent.

(m) Where the traffic and climatic conditions require it, the grades

should be made steeper in winter and restored again in the spring.

*See amendments, page 156.
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(n) When required, scales should be located at such a distance

from the summit (75 ft. is recommended) that when the car to be

weighed reaches the scales it will be properly spaced from the following

cars and running slowly enough to render correct weighing easy.

(o) For average conditions it is recommended that a No. 9 frog

be the sharpest used for classification yards, making the angle of the

body track with the ladder that of a No. 7 frog.

F.—REVISION OF DEFINITIONS AND CONCLUSIONS PREVI-

OUSLY SUBMITTED.

In compliance with instructions from the Board of Direction we

submit for final action the definitions adopted temporarily by the con-

vention of 1905 as follows

:

TERMINALS

:

Terminal.—The facilities provided by a railway at a terminus for the

purpose of handling its business.

*Freight Terminal.—The arrangement of terminal facilities for the

handling of freight business.

^Passenger Terminal.—The arrangem.ent of terminal facilities for the

handling of passenger business.

Rail and Water Terminal.—A terminal where freight is interchanged

between railway cars and vessels.

Switching District.—That portion of a railway at a large terminal

into which cars are moved and from which they are distributed

to the various sidetracks and spurs to freight houses and manu-

facturing establishments served from this district by yard or switch-

ing engines.

YARDS

:

Yard.—A system of tracks arranged in series, within defined limits, for

separating and making up trains, storing cars, and other purposes.

Receiving Yard.—A yard for receiving incoming trains.

Separating Yard.—A yard adjoining a receiving yard, in which cars

are separated according to district, commodity or other required

order.

Classification Yard.—A yard adjoining a separating yard, in which

cars are classified or grouped in accordance with requirements, pre-

liminary to forwarding in trains.
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Departure or Forwarding Yard.—A yard in which cars are assembled

in trains for forwarding.

^Storage Yard.—A yard in which cars are held awaiting disposition.

Cluster or General Yard.—An arrangement of yards in series for the

separation, classification, assembling and storage of cars.

Gravity Yard.—A yard in which the separation or classification of cars

is aided by gravity.

*PoLiNG Yard.^—A yard in which the movement of cars is produced

by the use of a pole or stake operated by an engine on an adjoining

parallel track. The movement may be facilitated by an assisting

grade.

*.Summit or Hump Yard.—A yard in which the movement of cars is

produced by pushing them over a summit, beyond which they are

run by gravity. The movement from the base of the summit may

be facilitated by an assisting grade.

Assisting Grade.—The inclination given to tracks of a yard to facilitate

the movement of cars.

TRACKS

:

*BoDY Track.—Each of the parallel tracks of a yard or group of

tracks upon which cars are switched or stored.

*Ladder Track.—A track connecting in series the body tracks of a yard.

*Lead Track.—An extended track connecting either end of a yard with

the main line.

*Drill Track.—A track connecting with the ladder track and used for

movements in yard switching.

Open Track.—A body track reserved for movements through a yard.

*Running Track.—A track reserved for movements through a cluster

or general yard.

^Crossover Track.—A track connecting two adjacent tracks.

*Special Tracks.—In a typical yard there will be several tracks devoted

to special purposes, varying with the local conditions. These will

include caboose tracks, bad-order tracks, scale tracks, coaling tracks,

ash-pit tracks, repair tracks, icing tracks, feed tracks, stock tracks,

transfer tracks, sand tracks, depressed tracks, etc.

Y-Track.—A triangular arrangement of tracks used in place of a turn-

table for turning engines or cars.

Transfer Slip.—A protected landing place for car floats, with adjustable

apron for connecting the tracks of the pier and car float.

* Adopted by the Association in 1905.
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Siding or Side Track.—A long track away from a yard connected with

the main or running track at one or both ends and used for storage

or irregular movements of cars or trains.

Passing Siding.—A special siding, usually connected with the main

track at both ends, and used to enable trains to pass each other.

Relief Track.—An extended passing siding, long enough to allow an

inferior train to continue running.

Stub Track.—A short track connected with another at one end only.

Spur Track.—A stub track, usually leading to and serving an industry,

or warehouse, freight house, etc.

House Track.—A track alongside of or entering a freight house and

used for cars receiving or delivering freight.

FREIGHT CAR REPAIR YARDS.

(a) Freight Car Repair Yards should be composed of short tracks

of a capacity of about fifteen cars each, arranged in pairs; the tracks

of each pair spaced i6 ft. apart centers, and the pairs spaced 40 ft.

apart centers.

(b) A material supply track should be placed in the space between

each pair of tracks.

(c) In calculating the capacity of repair tracks a space of 50 ft.

should be allowed for each car in order to provide working room about

eacn car.

(d) Part of the yard should be provided with air and water pipes

with outlets 50 ft. apart for testing cars.

(e) Heavy freight car repair tracks should be under cover, and

provided with overhead traveling cranes to facilitate heavy lifting.

TEAM DELIVERY YARDS.

conclusions.

(a) Team Delivery Yards should be located convenient to the

freight house, so that the receipt and shipment of freight may be easily

under control of the freight agent's force.

(b) The tracks should be stub tracks, arranged in parallel pairs;

the tracks of each pair spaced 12 ft. centers, and the pairs 52 ft. centers,

and for convenience of shifting the tracks should be of about 20 cars

capacity each.

(c) The yard should be provided with a crane for handling heavy

freight.
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(d) Ingress and egress for teams should be provided at each end

of each teamway, if possible.

(e) Wagon scales should be provided handy to the team entrance

of the j'ard, and track scales should be provided and located for con-

venient switching.

Respectfully submitted,

J. A. Atwood, Chief Engineer, Pittsburg & Lake Erie Railroad, Pitts-

burg, Pa., Chairman.

E. E. R. Tratman, Resident Editor, Engineering News, Chicago, III,

Vice-Chairman.

A. B. CoRTHELL, Terminal Engineer, New York Central & Hudson River

Railroad, New York, N. Y.

E. P. Dawley, Engineer of Construction, New York, New Haven &

Hartford Railroad, New Haven, Conn.

W. A. Garrett, General Manager, Cincinnati, New Orleans & Texas

Pacific Railway, Cincinnati, O.

B. H. Mann, Signal Engineer, Missouri Pacific Railway, St. Louis, Mo.

J. D. Mason, Engineering Department, Chicago, Burlington & Quincy

Railroad, Chicago, III.

I. G. Rawn, General Manager, Illinois Central Railroad, Chicago, 111.

C. S. Sims, Assistant to President, Erie Railroad, New York, N. Y.

F. S. Stevens, Superintendent, Philadelphia & Reading Railway, Read-

ing, Pa.

J. E. Taussig, Terminal Superintendent, Wabash Railroad, St. Louis,

Mo. Committee.

AMENDMENTS.

(a) Hump yards should consist of receiving, classification and

departure tracks, in consecutive order as enumerated.

(b) A hump yard is a desirable form of yard for receiving, classify-

ing and making up trains, because cars can be handled through it faster

and at less cost than through any other form of yard.

(c) Each receiving track should be of sufficient length to hold a

maximum train.
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THE ENOLA YARD: PENNSYLVANIA R. R.,

(From a paper by Mr. W. C. Gushing in the Railroad Gazette.)

The Enola yard at Fairview, Pa., which is designed to relieve Har-

risburg, has standing room for about 10,705 cars. The engine yard

is laid out in accordance with the typical design of the Pennsylvania R. R.,

and is in the center of the collection of yards, which has come to be

regarded as the correct location, since it was first adopted for Conway

several years ago. The water supply is furnished from large storage

reservoirs on the hill above, an important departure for railroads.

The westbound receiving yard, has 20 tracks of 90 cars capacity

each, and the classification yard 25 tracks of no cars capacity each.

The eastbound receiving yard has 21 tracks of 90 cars each, and the

classification yard 17 tracks of 70 cars each, while there are six tracks

of 70 cars each for solid trains. The large number of receiving tracks

in proportion to the number of sorting tracks is noticeable. The ar-

rangement of ladders for the classification yards is among the best used

anywhere. (Fig. 13.) The large V arrangement of the hump-end of

the yards is made up of two small V's, and each has its track over the

hump and one around it. There are, therefore, two separate yards

which can be worked by two engines side by side. The beautiful regu-

larity of the ladders is to be commended. There is also a free track

alongside the ladder, to be used by an engine for poling in derelicts

when necessary.

APPENDIX 2.

GRADES FOR HUMP YARDS.

A.—GRADES SUITABLE FOR DIFFERENT CONDITIONS.

The following arrangements of grades for hump yards, operating

under different conditions of traffic and in northern and southern cli-

mates, have been suggested to the Committee

:
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1. Bunching grade. .Vp-

proacbing summit

2. Momentum grade (no
scales on hump tracks) :

A. For loaded cars.

li. For empty cars.

3. Momentum grade (with
scale on hump).

Northern Climate.

Ladder gi'ade:

A. For loaded cars.
B. For empty cars

75 ft. of 1..5 per cent. up grade.

200 ft. of 3 per cent, down
grade.

200 ft. of 4 per cent, down
grade.

25 ft. elTective of 4 per cent,
followed by scales on 1 jier

cent, followed by easy ver-

tical curve, sav, 50 ft. in
length, followed by 200 ft.

of 3 )>er cent, down grade
for loaded cars or 2n0 ft. of
4 per cent, down grade for
empty cars.

Southern Climate.

0.9 per cent, throughout.
1 .2 per cent, throughout.

C. For yards hand- 1.2 per cent, throughout,
ling both loads
and empties.

5. Continuing grade
through yard:

A. For loaded cars. 0.3 per cent.
B. For empty cars. 0.4 per cent.

75 ft. of 1.5 per cent.up grade.

200 ft. of 2.5 percent, down
grade.

200 ft. of 3.0 per cent, down
grade.

25 ft. eflfectiveof 2.5 percent,
followed by scales on 1 per
cent, followed by ea>y ver-
tical curve, followed by. say,
200 ft. of 2.5 per cent, down
grade for loaded cars or 200
ft. of 3 percent, down grade
for empty cars.

0.7 per cent, throughout.
1 .0 per cent, throughout.
1.0 per cent, throughout.

0.2 per cent.
0.3 per cent.

B.—GRADES OF EXISTING HUMP YARDS.

The following table is from a paper in the Railroad Gazette, May

12, 1905, by Mr. W. C. Gushing, Chief Engineer of Maintenance of Way,

Southwest System, Pennsylvania Lines. Mr. Cushing's explanation of

the table and his discussion of the subjects of hump grades are given

below, and several profiles of yard humps are shown in Figs. 12 and 14.

"The principal characteristics bearing upon a study of proper grades

of humps have been gathered in the accompanying table. Columns 5

and 8 have been added by calculation from Wellington's "Economic

Theory of Railway Location," as explained at the foot of the table, to

assist in the comparison, for the velocity at the foot of the grade is

the important factor. Nothing has been added to these velocities for

the initial velocity of the cars as they are pushed over the hump. It

is fully realized that the velocities are approximate only, for there is

such a vast difference in the freedom of running of cars, as between

loads and empties, gondolas with coal and ore and box cars with

merchandise, and between the seasons—winter and summer. It is im-

possible also to take account, except by experience, of the turnouts from

the ladders, and the inequalities of the track. Consequently the different

hump profiles are the results of tests, more than anything else. It is

thought that the speeds in column 5 are not far out, but those in

column 8 are probably too great. In calcuiating both columns, an
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allowance was made for rolling friction of 8 lbs. per ton, but this

should undoubtedly be greater on the ladders. It is known, for instance,

that cars sometimes stop on the old eastbound ladders of Conway, but

as winter weather materially alters the conditions, it does not seem

to be worth while to try and arrive at greater accuracy, except by

experiment under both winter and summer conditions. Nevertheless,

the figures given have some value for comparison, because the method

of comparison is quite largely employed in yard design. If the resist-

ances to motion were assumed to be about 13 lbs. per ton instead of 8,

the car would stop half way down the Conway ladders, and this, as

stated, does happen under bad weather conditions."

"But, to begin at the bottom. If the rolling friction be taken at

8 lbs. per ton, the grade of repose, or grade required to overcome this,

the resistance to motion, and keep the car moving uniformly with the

initial velocity, is 0.4 per cent. Therefore, the grade of the classification

yard should be about 0.4 per cent., certainly not less than 0.3. We have

testimony that yards with these grades are quite satisfactory, Logans-

port (W), Crestline, Bradford; whereas Richmond with 0.25 needs re-

vision, by raising the hump. Mansfield is giving satisfactory results

with 0.2, but its humps are higher, and the velocity greater than at

Richmond. The same is the experience at Linwood. In other words,

if a lesser grade than 0.3 per cent, for the classification yard must be

used, on account of cost or physical obstructions, the resistance to car

movement must be overcome by increased entrance velocity. Notice,

for instance, the case of Altoona, where the traffic consists largely

of empty cars, and the hump is about to be raised for the second time

since construction. The old eastward hump at Conway had to be nearly

doubled in height, because the classification yard is on a level. A second

one, now being built, will have a 0.3 grade by dipping below the yard

grade. The low grades of the classification yards at Chicago, Fifty-fifth

Street, have necessitated the construction of high humps, which give

pretty considerable velocities."

"The track irregularities, and the switch turnouts from the ladders

offer increased resistances, which are met by increasing the grade on

the ladders. This grade should be enough more than 0.4 per cent, to

keep the car moving at the entrance velocity, as in the case of the

classification yard, and experience must determine what it should be.

A study of the table seems to show that the preponderance of opinion

is in favor of 0.5 per cent, to 1.3 per cent, in cases where coal, ore, and

minerals are the principal freight, and from 0.92 to 1.5 per cent, where

the cars are largely empties, while a grade for rnerchandis'' would be

somewhat between. The writer favors from ?i to Ij4 per cent, for

minerals and merchandise, and from i^/i tn 1% per cent, for a

preponderance of empties."

"The remaining grade of importance is the first one from the summit,

because all others intermediate between it and the ladder grade simply
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form a vertical curve to join them. The object of the first grade is

to impart the required velocity so that the different cuts will separate

from each other a sufficient distance to allow the switches to be thrown,

and its length is dependent upon the vertical fall required to impart

the velocity, and the maximum length of cuts. The number of cars

in a cut is another one of the reasons why precise mathematics cannot

be applied to this problem. With long cuts, the front end will be

quite a distance down the slope before the whole cut begins to acquire

much velocity. Although this detail in the case of the yards under

discussion is not known in all cases to the writer, it is reasonable to

assume that where the initial grade is short, the cuts are likewise short."

"In general, where there are no scales on the slope, and the cuts

are to be short, the initial grade is steep and short, say from 3 per

cent, to 4 per cent., for a distance of from 50 to 150 ft. A good grade

is 3.5 per cent, for a distance of 100 ft. When the length of slope has

to be from 200 to 600 ft., the grade is from 1.5 to 3 per cent., the

object being to produce proper velocity."

"The introduction of scales on the slope alters the conditions, for

the speed over the scales must be moderate, as already shown, say

from three to six miles per hour. If the hump is any higher than is

necessary to produce this speed, the car must be checked by the brakes.

As cars must be weighed singly, and as the speed must be moderate,

the natural place for the scales would seem lo be rather near the sum-

mit, although an inspection of the table shows that some are quite

far away, notably one of the Conway scales, and the two at Chicago,

Fifty-fifth Street. Unless a large number of cars in each train is

weighed, the summit does not appear to be a good location, because

the weighing is probably done with the car at rest, which would mate-

rially delay the rest of the switching. The scale grade should probably

not exceed 2.5 per cent, for a distance of 100 ft, and perhaps 2 per

cent, for a distance of 50 ft. would be better. There seems to be no

good reason for placing the center of the scales farther away from the

summit than between go and 170 ft. The scale hump may be the only

one, as in the case of a coal weighing yard, or it may be placed along-

side the other hump, and on a separate track, for occasional weighing."

"The approach grade lo the summit should not exceed that over

which the full train can be pushed by one engine."

"Some operating officers request that the top of the hump be level

for about 100 ft. If a flat piece be not provided, the curve of the top

should at least have a pretty long radius."

"To sum up the foregoing, the grade of the classification yard should

be about 0.4 per cent., the grade of the ladders from ^ to iJ4 per

cent, for loaded cars, and from 1% to i^ per cent, for empties, while,

with no scales, the initial grade from the summit should be about 3.5

per cent, for a distance of 100 ft., and 1.5 to 3 per cent, when the

slope is longer, but in the case of scales, the initial grade should be

2J/2 per cent, for a distance of 100 ft., or 2 per cent, for a distance

of 50 ft."

11
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DISC;USSION.

The President:—The chairman of the Committee not being present,

the vice-chairman, Mr. Tratman, will present the report.

Mr. E. E. R. Tratman (Engineering News) :—The principal features

of this report are the conclusions on hump yards. The definitions and

conclusions previously submitted are given with very few alterations ; they

have been considered so many times at previous meetings that I do not

think it is necessary to give time to them now. The Committee confined

its attention almost entirely to the question of hump yards. It was con-

cluded that this was the coming type of yard, and we were asked to

get all the information we could, both as to construction and operation.

This information is presented very fully in the report. I should judge

that it would be the best plan to take up the hump yard conclusions,

one by one, and invite discussion or criticism of the individual con-

clusions.

The President:—The Secretary will read the conclusions, and as

they are read, the members can discuss them.

The Secretary:
—

"(a) A hump yard is the best form of yard for

receiving, classifying and making up trains, because cars can be handled

through it faster, with less damage and at less cost than through any

other form of yard."

The President :—The first conclusion of the Committee is that a

hump yard is the best form of yard for certain purposes.

Mr. Geo. H. Bremner (Chicago, Burlington & Quincy) ;—The hump
yard is not the best form of yard for all purposes. It is where there is a

large amount of switching and classifying, but where there is a small

yard and a medium amount of switching, a hump yard is frequently an

expensive yard to handle, and does not come into play as well as the

old-style yard for that purpose.

The President :—If there is no further discussion, the conclusion

(a) will be considered adopted.

The Secretary:
—

"(b) Hump yards should consist of receiving,

classification and departure tracks, in consecutive order as enumerated.

"(c) Receiving tracks should be of sufficient length to hold a

maximum train."

Mr. R. C. Barnard (Pennsylvania Lines) :

—
"Receiving tracks should

be of sufficient length to hold a maximum train" is misleading, I think.

I suggest that be made to read, "each receiving track."

The President :—The Committee accepts that alteration.

i68
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Mr. E. C. Brown (Union Railroad) :—I object to tiiat. I think it

unnecessary that all the tracks in the yard should be capable of holding

a maximum train. It is often advisable to have shorter tracks, espe-

cially where the traffic varies. I think this should be modified to read

'"at least a portion of the tracks should be capable of holding maximum
trains."

The President :—Do you make that in the form of a motion, Mr.

Brown?
Mr. Brown:—Yes, sir,

(The motion was lost.)

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—It seems to me
that all that needs is this : "As a general rule, the receiving tracks should

be of sufficient length to hold a maximum train."

The Secretary:
—

"(d) Recei>ving tracks should be sufficient in num-
ber to hold a number of trains arriving in quick succession. The number
will depend on the amount and character of traffic handled, and upon the

relative location of the yard with respect to other yards and connections.

"(e) If it is possible, the grades of the receiving tracks should be

such that one engine could push the maximum train over the hump.

"(f) No definite recommendation can be made for the length and

number of classification tracks, except to say that they need not be

full train length, except when used as departure tracks. Local condi-

tions will govern.

"(g) Departure tracks must be full train length and of sufficient

number to provide ample standing room for trains while being tested

for air and while waiting for engines.

"(h) The departure yard should be provided with cai air hose and

air brake testing plant.

"(j) Grades after leaving the summit should be such as to carry

the cars to their proper destination in the yard.

"(k) Where the cars to be classified are largely empty or light cars,

the following grades are recommended for average conditions : 75 ft.

of 1.5 per cent, up grade, approaching summit; 300 ft. of 2.5 per cent,

grade from the summit down ; thence down through the several switches

in the yard, i.o per cent. ; thence down through the remainder of the

yard, 0.5 per cent.

"(1) Where the cars to be classified are largely leaded or heavy

cars, the following grades are recommended for average conditions

:

75 ft. of 1.5 per cent, up grade, approaching the summit; 300 ft. of 2

per cent, grade from the summit down ; thence down through the several

switches in the yard, 0.7 per cent. ; thence down through the remainder

of the yard, 0.3 per cent.

"(m) Where the traffic and climatic conditions require it, the grades

should be made steeper in winter and restored again in the spring.

"(n) When required, scales should be located at such a distance

from the summit (75 ft. is recommended) that when the car to be

weighed reaches the scales it will be properly spaced from the following
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cars and running slowly enough to render correct weighing easy.

"(o) For average conditions it is recommended that a No. 9 frog

be the sharpest used for classification yards, making the angle of the

body track with the ladder that of a No. 7 frog."

The President:—If there is no objection, these conclusions will stand

as adopted by the Association. The next item is "Freight Car Repair

Yards."

The Secretary:
—

"(a) Freight Car Repair Yards should be com-

posed of short tracks of a capacity of about fifteen cars each, arranged

in pairs ; the tracks of each pair spaced 16 ft. apart centers, and the

pairs spaced 40 ft. apart centers.

"(b) A material supply track should be placed in the space between

each pair of tracks.

"(c) In calculating the capacity of repair tracks a space of 50 ft.

should be allowed for each car in order to provide working room about

each car.

"(d) Part of the yard should be provided with air and water pipes

with outlets 50 ft. apart for testing cars.

"(e) Heavy freight car repair tracks should be under cover, and

provided with overhead traveling cranes to facilitate heavy lifting."

The President:—Is there any discussion upon this subject? If there

are no objections, the conclusions on freight car repair yards will stand

as approved. The next item, which has not been acted upon in the past,

is team delivery yards. The Secretary will read the conclusions on this

subject.

The Secretary:
—

"(a) Team Delivery Yards should be located con-

venient to the freight house, so that the receipt and shipment of freight

may be easily under control of the freight agent's force.

"(b) The tracks should be stub tracks, arranged in parallel pairs:

the tracks of each pair spaced 12 ft. centers, and the pairs 52 ft. centers,

and for convenience of shifting, the tracks should be of about 20 cars

capacity each.

"(c) The yard should be provided with a crane for handling heavy

freight.

"(d) Ingress and egress for teams should be provided at each end

of each teamway, if possible.

"(e) Wagon scales should be provided handy to the team entrance

of the yard, and track scales should be provided, and located for con-

venient switching."

The President:—The subject is open for discussion.

Prof. C. Frank Allen (Massachusetts Institute of Technology) :

—

The practice prevails to a considerable extent of having the tracks in sets

of three. I am not sufficiently familiar with the work to be able to

express an opinion in the matter, but will be very glad if there are

any gentlemen here who have had experience in that matter if they

will state it. Some excellent engineers are altogether in favor of con-

structing in sets of three.
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The President :—This refers to team delivery yard ?

Prof. Allen :—Yes, sir. It gives a somewhat better opportunity for

delivering extra cars and switching empties into the tracks, and it is not

altogether difficult, if necessary, to load through the center track. I have

not the matter sufficiently well in mind to make an argument in the

matter, but thought possibly there might be some others here who had

some experience with it.

The President :—If there is no further discussion, the conclusions

in regard to team delivery yards will stand as approved.

Mr. A. S. Baldwin (Illinois Central) :—If it is not too late, I

would like to go back to freight car repair yards. I intended to make a

suggestion when that section was considered, but it escaped me at the

time. Paragraph (e) reads : "Heavy freight car repair tracks should

be under cover, and provided with overhead traveling cranes to facilitate

heavy lifting." I would suggest the omission of the word "heavy." The

idea conveyed is that a freight car repair track would be provided with

overhead covering only under such circumstances, whereas I believe there

is true economy in providing a covering for all freight car repair tracks.

. It is a common thing, in passing by a freight car repair yard, during a

storm, to find that all the men under the cars are at one side. They

work at a disadvantage in cold and snowy weather, unless there is a

covering over the repair yard. I believe a great economy is efifected by

a cheap shed over freight car repair tracks, and I would therefore sug-

gest that the word "heavy" be omitted in paragraph (e). I would sug-

gest that the section read : "Freight car repair tracks should be under

cover. Where they are for heavy repairs, they should be provided with

traveling cranes to facilitate lifting."

(The motion was lost.)

Mr. Baldwin:—In view of the vote just taken, I would like to hear

some argument against the omission of the word "heavy."

Mr. A. W. Johnston (New York, Chicago & St. Louis) :—My reason

for voting "no" is that I take the Committee meant by the term "heavy

freight car repairs" such repairs as required the cars to be sent on a

special track, which is a track usually apart from those where light freight

car repairs are made. If we take out the word "heavy," and have the

paragraph apply to all freight car repairs, we go on record as including

a covering for tracks where the simplest repairs are made.

Mr. Wendt :—I voted "no" because in our practice we repair cars at

many points, that is, we make light repairs at several points, and it would

be quite impracticable to cover all repair tracks. It is our practice to

send the freight cars which require heavy repairs to our repair shops,

but the light repairs are always made out in the open in our country.

I have in mind a line that will repair two hundred cars in one day ; the

cars need but slight attention, j^et they must be shifted into a light repair

yard and detained twenty-four hours. It seems to me quite unnecessary

to cover these tracks. If we did, such buildings would run into large

sums of money. I think that the Committee means that it is economical
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to construct buildings for the protection of the men where heavy repairs

are being made, which requires considerable time, and for which freight

car repair shop cranes are economical.

Mr. Baldwin :—The discussion is probably out of order, in that the

vote has been taken, but I would ask Mr. Wendt if he ever got from

his Master Mechanic any statement of time actually lost by the repair

men in bad weather? I did recently, and I found that it footed up to a

large sum in the season, and my idea in this suggestion was for outside

tracks to have an umbrella shed of cheap construction. Where you

speak of the use of "overhead traveling cranes to facilitate heavy lifting,"

the idea conveyed is that of a large repair shop ; but the point I was

discussing was that of covering your cars which are just put out for

ordinary repairs. I will suggest that it is a matter which should be

looked into, because I think a little investigation will show that at cer-

tain seasons of the year, particularly in the spring and fall, when there is

a great deal of rain, that there is a large amount of time lost by the

repairmen on account of not being supplied with a shelter, particularly

in snowy and stormy weather.

Mr. A. Montzheimer (Elgin, Joliet & Eastern):— I have not read,

the report carefully, and the point I am about to make may have been

brought out, but I would ask what is the latest practice in placing tracks,

that is, as to distance from center to center for yards?

The President :—We would like to hear from, the members as to

the practice existing on their roads.

Mr. Montzheimer :—I understand some yards have 12 and I2>4 ft.

centers, but that distance does not give the necessary clearance, espe-

cially where coal cars with bulging sides are handled, and the tracks are

slightly out of surface.

Mr. Chas. S. Churchill (Norfolk & Western) :—I think this point

has been covered in past meetings and 13 ft. was established by the work

of this same Committee. It is the practice of many roads, I know, to

use 13 ft. as the standard space for double track. I think that 13 ft. was

made to apply also to yards as far as practicable.

Mr. C. H. Ewing (Philadelphia & Reading) :—I do not know what

action was taken at previous meetings, but it seems to me that 13 ft.

is entirely too great a space for yard tracks and requires too much room,

especially where you have thirty or forty classification tracks. Twelve

feet and one inch has been our practice, and we have found it sufficient.

Prof. W. D. Pence (Purdue University) :—The Manual of Recom-

mended Practice, recently issued, on page 128, has this recommendation,

which was adopted by the Association: "Body Tracks.—These should

be spaced 11 ft. 6 in. to 13 ft. centers; and where they are parallel to

the main track or other important running track they should be spaced

not less than 16 ft. center to center from said track."

The President :—That was the action of the Association two years

ago ; there was quite a lengthy argument and discussion at that time on

the subject. Are there any of the operating officials having had experi-
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ence with hump yards who would like to make any remarks as to their

working—their advantages and disadvantages?

Mr. Johnston :—Since you raise the question of hump yards, Mr.

President, I will ask this question. I have had no experience with hump
yards myself, but the Committee has given the conclusion and we have

committed ourselves to it, that a hump yard is an absolutely safe yard,

because cars can be handled through it faster, with less damage and

with less cost than through any other form of yard. I know that the

question of dam.age to freight cars is an ever-present one to the operating

man, and the claim department people say that the claims are now
more numerous than ever before, and it is alleged that part of it is

due to damage in hump yards. The Committee must be in possession

of information that leads them to believe that hump yards do cause

less damage, and if so I would like to know something about it myself.

Mr. Tratman :—The Committee had this question up and made
special inquiry of some fifteen or twenty yards. In only one case was

it stated that there was more damage operating on the hump system

than by the other system. Inquiry developed that in this one case the

statement was written during the absence of the Superintendent, who
later wrote that personally he was satisfied there was less damage. This

of course implies proper care and discipline. In switching on the flat,

either by tail switching or poling, cars may be—and often are—handled

in such a way as to smash sills and draft rigging, drive the load through

the end of the car, and so forth ; no system of switching can prevent

that. But under the same conditions of ordinary care in operation there

seems to be no room for doubt that for busy yards the classification

switching can be done more quickly and with less damage to cars and

their contents by the gravity-summit system than by any other system.

Mr. Johnston :—They might not have stated there was more damage,

but is it a fact that there was less damage? The fact remains irrespec-

tive of the character of switching, that the claims arising out of rough

handling is increasing steadily on all railroads, and I am so informed by

our claim department. We know that in fast switching without humps
there is more damage done. I do not think this Association should go

on record in a conclusion that the use of hump yards causes less damage.

I think the question had better be left open, or omitted altogether,

because I do not see what relation that question has in itself to the

superiority of yards, in so far as the arrangement is concerned.

The President:—This discussion relates to conclusion fa). These

conclusions were adopted in the form in which they were presented by

the Committee, and the chair will entertain a motion to reconsider that

conclusion. The point Mr. Johnston brings up is very interesting, and

if it is not necessary to state it in the language used in the conclusion, it

would be more conservative, at least, to leave that portion of the con-

clusion out. The conclusion now reads: "(a) A hump yard is the

best form of yard for receiving, classifying and making up trains,

because cars can be handled through it faster, with less damage and at
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less cost than through any other form of yard." Do you wish your

suggestion to take the form of a motion, Mr. Johnston?

Mr. Johnston:-—I move, to get the matter properly before the con-

vention, that we leave out the words "with less damage." I also move
to change the expression "is the best form" to read "is a desirable form

of yard."

Mr. L. C. Fritch (Illinois Central) :—I think it is improper to

have the word "receiving" in there, for the reason that cars are not

"received" into a hump yard. Cars are only "classified" in a hump yard

;

therefore, I would amend the motion by leaving out the word "receiving."

Mr. Johnston :—I will accept the amendment.

Prof. Allen :—That suggestion carries more with it, because the

next section reads, "Hump yards should consist of receiving, classifica-

tion and departure tracks, in consecutive order, as enumerated." I do

not know to how great an extent the amendment affects the rest of the

proposition, but it certainly affects the next paragraph (b).

Mr. Brown :—The very same clause says, "should consist of receiv-

ing, classification and departure tracks."

Mr. L. C. Fritch :—Paragraph (b) should also have the word "receiv-

ing" left out. A hump yard is a classification yard pure and simple.

Prof. Pence :—Does not this really hinge on the question of what

the word "hump" means? For example, any yard which has the hump
as a ruling feature would be called a hump yard, and the receiving part

of the yard would be part of the entire plant for the receiving, classi-

fying and handling of trains.

Mr. Tratman :—The use of the word in that case refers to the entire

yard system, or the "general yard," but it would be an awkward expres-

sion to say "any general hump yard." The only preferable change that

might be made would be to say "any general yard operated on the hump
system should consist of receiving and classification tracks." The term

"hump yard" in this case is a general term applied to the whole yard,

from the receiving end to the departure end.

Mr. Churchill :—I suggest that the Committee be asked to give a

definition of the hump yard, to correspond with the statement just made.

They have definitions for other yards, but have left out the definition

for the hump yard.

Prof. Pence :—If Mr. Churchill will refer to page 84 of the report

I think he will find the definition he speaks of.

The President:—The motion now stands that conclusion (a) be

altered to read as follows : "A hump yard is a desirable form of yard

for classifying and making up trains, because cars can be handled through

it faster and at less cost than through any other form of yard."

(The motion was carried.)

Mr. T. H. Hickey (Michigan Central) :—While under the head of

freight car repair yards, if in order, I would like to inquire if there is

any provision to protect men under box cars when doing work on
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repair tracks; that is, from engines switching on the track where men
might be engaged under the cars.

The President :—Before taking up the question raised by Mr. Hickey,

we should not depart from the consideration of paragraph (b) under

hump yards, provided that in the opinion of the members it is affected

by paragraph (a). It was suggested that the omission of the word
"receiving" in paragraph (a) would necessitate omitting the same word
in paragraph (b). Paragraph (a) provides that "hump yards should

consist of receiving, classification and departure tracks, in consecutive

order as enumerated." The suggestion is made that the word "receiv-

ing" should be left out.

Mr. McDonald:—I would like to inquire how conclusion (a) stands

now. My understanding is that simply the words "with less damage"
were stricken out.

The President :—The words quoted were stricken out, and the

phraseology changed to read "is a desirable form." The word "receiv-

ing" was also stricken out.

Prof. Allen :—I did not understand Mr. Johnston's motion to include

that. I understood the Secretary's motion referred to the word "receiv-

ing."

The President :^—^Ir. Johnston accepted the amendment. Do you

wish to reconsider it?

Prof. Allen:—Yes, sir.

The President:—You voted in the affirmative?

Mr. McDonald :—I voted in the affirmative under a misapprehen-

sion, and will move to reconsider.

(The motion to reconsider the action on conclusion (a) was

carried.)

The President :—The original motion is now before the house for

consideration.

Prof. Allen :—It seems to me that this matter might be straightened

out if we should follow the language in paragraph (b) and put in

paragraph (a) a statement that hump yards shall be considered as con-

sisting of receiving, classification and departure yards, in consecutive

order as enumerated. Then the whole thing holds good.

The President :—The chair will ask Mr. Johnston to restate his

motion, to clear up any misapprehension.

Mr. Johnston :—It included solely the change of the first expression

to read "is a desirable form of yard," with the words "with less

damage" stricken out, and leaving in the word "receiving." The Secre-

tary made a motion, which I accepted, to omit the word "receiving."

The President:—The conclusion, in its amended form, would read

as follows : "A hump yard is a desirable form of yard for receiving,

classifying and making up trains, because cars can be handled through

it faster and at less cost than through any other form of yard." That

is the motion before the house. Discussion is in order.
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Mr. McDonald :—1 suggest that the two changes be put before the

convention separately. Possibly some members might approve of one

change and not the other.

The President :—Will you put that in the form of an amendment,

Mr. McDonald?
Mr. McDonald :—I move that we first take a vote on the change

in the first line, in which it says that it is a desirable form, instead of

the best.

Mr. Johnston :—I do not see why we should say that a certain form

is the best form. The whole science is in a progressive state. It is a

desirable yard to-day, but I do not believe we should say it is the best

3'ard. If it is, we cannot improve on it.

Mr. Bremner :—I second the motion of Mr. McDonald. I want

to say in this connection that we built one hump yard, a fairly large

yard, where we had a large amount of switching, and in the course

of about one year the amount of switching in that yard decreased, and

we found it was cheaper to do away with the hump yard and we did so.

That was in our St. Paul yard. We do the switching in St. Paul by

the straight method, although the hump is there. We have not always

found it the most desirable yard for smaller yards ; for large yards

we have found it the most desirable. I would make the suggestion

—

and later on will make a motion—that for large yards the hump yard

is the most desirable.

Mr. Baldwin:—I think the term "hump yard" is somewhat too

comprehensive, and that is the cause of this discussion. If it could be

changed so as to read, "A hump track is a desirable feature of a yard

used for receiving, classifying and making up trains," I think it would

be simpler. You can have a hump track in any yard, and have all

characters of tracks in it ; you can have a receiving yard, classifying

yard, etc., and I do not think that the hump should necessarily give

the name to the yard as a whole.

The President :—The motion before us is that the first part of con-

clusion (a) be changed to read, "A hump yard is a desirable form of

yard for receiving, classifying and making up trains, because cars can

be handled through it faster, with less damage and at less cost than

through any other form of yard."

(The motion was carried.)

The President:—The next motion is that in the last line of the

conclusion (a) the words "with less damage" be stricken out.

(The motion was carried.)

M'r. Bremner:—May I make a motion that we amend this by saying

"for large yards."

Mr. Churchill :—My point is on the same question. I think the

Committee has not covered it in any definition which they make of the

hump yard. I did not discover the word "hump" after the word "sum-

mit" when I first spoke. The Committee's intention is, it seems to me,

through the entire page 82, to regard a hump yard as a group consisting
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of receiving tracks, a hump, and tracks beyond the hump, and they are

all well described here. If that total of three parts makes up a hump
j'ard, as it really does, then the definition should cover that, and if not,

we are correct in leaving in the words "receiving and classification" in

conclusion Ca) and the same words in conclusion (b), and in that

sense I think we should simply have a modification of the definition to

make all these articles on page 82 quite clear.

Mr. L. C. Fritch :—In operating parlance, a hump yard is commonly
known as a classification yard, in which cars are assorted and classified.

If you speak of a hump yard, you refer to the part used for that pur-

pose. If you visit the yards, you will find that they refer to the "east-

bound hump" and "westbound hump," speaking of that particular part

which is used for classification, and I think it is a mistake to speak

of "receiving" in the hump yard, as cars are not received in that yard.

Mr. Barnard :— I tliink Mr. Baldwin's idea is a good one and should

be considered.

The President :—Will you put your suggestion in the form of a

motion, Mr. Baldwin?

Mr. Baldwin:—I move that the beginning of conclusion (a) be

changed so as to read, "A hump track is a desirable track for a yard

that is used for receiving, classifying and making up trains, because

cars can be handled through it faster and at less cost than through any

other form of yard." The hum.p is a feature of the yard. Mr. Fritch

brings that point out. It does not necessarily give the name to the

whole yard. Does Mr. Bremner call his yard a hump yard since he

stopped using it?

Mr. Bremner :—No.

Mr. Baldwin:—The hump is there j'et.

Mr. Ewing:—It seems to me it would be unwise to separate the

hump feature as the distinguishing characteristic of the yard. When we
speak of the "eastbound hump" and "westbound hump" yard, we refer

to the series of j^ards on each side, whether for westbound traffic or

eastbound traffic. I think the whole matter can be straightened out by

substituting in the definition the word "classification" for the word

"movement." The definition would then read, "A yard in which the

classification of cars is produced by pushing them over a summit," etc.

There are many car movements that are not made by pushing them

over a summit. This change would make the hump feature the classi-

fication one, and then I think we will be regular all the way through.

Mr. L. C. Fritch :—I do not think the word "track" will cover it,

for the reason that in many yards there is more than one track over

the hump. In the Chicago Clearing Yard there are several tracks over

the hump, and therefore I do not consider the word "track" compre-

hensive enough to cover the point.

Mr. W. M. Camp (Railway and Engineering Review) :—Is it not

true that in any hump yard the classification tracks lie on the slope

of the hump, at least partially? If that is the case, the word "track,"

12
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in the singular, which Mr. Baldwin embodies in his motion, does not

apply. It seems to me that we cannot separate the classification track

from the hump. You can, however, separate the receiving and departure

tracks, but the Committee undoubtedly meant that they shall be auxiliary

to this arrangement. I ask the Committee if they intended that the

receiving and departure tracks shall be on the hump or on the slopes of

the hump?
Mr. F. S. Stevens (Philadelphia & Reading) :—I understand Mr.

Camp wishes information as to the track passing over the hump. So

far as I know, in all the classification yards I have ever seen, it is a

thoroughfare track, that is, there is a second track which is a thorough-

fare track. The track that passes over the hump, on which the classi-

fication is made, is the track which is connected to the ladders of the

receiving yard on one side and the classification yard on the other.

Mr. Camp :—Further down in this report it provides that the several

grades of hump shall extend down through the several switches in the

yard, so that it seems to me the classification tracks lie on the slope

of the hump, according to that.

Mr. Stevens :—The second track or thoroughfare track, which passes

over the hump, is the one used to facilitate the movement of cars by

the use of an engine in exceedingly cold weather, or when for some

other reason the cars will not run.

Prof. Allen :—It seems to me that we need to do one of two things

—

either to define a hump yard as including receiving, classification and

departure tracks, or else cut out entirely all reference to the receiving

tracks ; if the latter course be pursued, then this report in its present

form will have to be done away with—referred back to the Committee

—

so that certain parts shall be cut out bodily. Hump yards are com-

paratively new, and this Association can determine what they mean, and

it seems to me there would be no mistake made whatever to modify

paragraph (b) to read, "Hump yards shall be considered as consisting

of receiving, classification and departure tracks, in consecutive order

as enumerated." In that case all we have here would become consistent.

The other coiu'se is to cut out a considerable portion of what there is

in these conclusions. I should be glad to make a motion to this effect

when in order.

Mr. L. C. Fritch :—If the Committee had used the words "gravity

yard," there, it would have simplified the whole matter. Gravity yard

is the yard taken as a whole, wherein the principle of gravity is used

;

but to define a hump yard as a yard for receiving, classifying and making

up trains is to use one particular point of the yard for these three

purposes, which is not the case in common practice and as commonly
understood.

Mr. Baldwin :—I would be perfectly willing to accept an amend-

ment such as calling this a gravity yard, but I think this report as it

now stands is inconsistent. There is a good deal which is described

under the term "hump yard" which would be applicable to any yard.
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and the substance of the matter is that a hump can be a feature of any

yard. There are certain particular portions of the yard regulated and

governed by the hump. As regards Mr. Fritch's point, that the receiving

track should not be considered as a part of the yard, this report still

goes on to say that the grades of the receiving tracks are a part of the

yard, because it says if it is possible the grades of the receiving tracks

shall be such that one engine can push the maximum train over the

hump, and thereby you see the receiving track is made a portion of the

hump yard. It occurs to me, if the Committee could take this report

back and give a definition which referred to the gravity portion of the

yard alone, that it would be clear.

The President :—Are you ready for the question on Mr. Baldwin's

motion ?

Mr. Churchill :—Before that motion is put, I want to say that I

think the work of this Committee on hump yards is excellent. We
have something very valuable in this report, and I would dislike to

see anything done to destroy its usefulness. The Committee has made

it very clear that all these items on page 82 refer to a system of tracks

and include both the receiving side and the classifying side. It is just

as important that the grade on the receiving track be within certain

limits as it is that the grade over the hump be within certain limits, or

that the grade on the classifying side be within certain limits. If we

do not keep all these three within proper limits, the hum.p is a failure.

We cannot afford to let anything go out from this Association which

is not complete in every part of it ; and therefore I would dislike to

see anything cut out of page 82 except what has been cut out. The

simple change of a definition, or the enlargement of a definition will

make everything clear, and the Association has decided heretofore that

definitions be left with the Committee. We should regard this whole

page as describing a system complete in itself, and I trust that we will

therefore leave it alone.

Mr. L. C. Fritch :—I would like to suggest as a solution of the

difficulty, that we put conclusion (b) first, m.aking conclusion (b)

conclusion (a), which will then read that a hump yard shall consist

of certain things, and then put in the present conclusion (a), which

will be in proper order, and it could stand. You will then know what

it refers to. I will make that an amendment to Mr. Baldwin's motion.

Mr. Baldwin :—I will accept that as a substitute for my motion.

The President :—It is moved that conclusion (b) take the place of

conclusion (a), and that conclusion (a) be retained in its form as

amended on the motion of Mr. Johnston.

(The motion was carried.)

The President :—Before dismissing the Committee, the chair would

like to have an expression from the members as to what direction

the investigation of the Committee should take this coming year. At

the last annual convention the suggestion was made that this Committee

report upon hump yards, and they have produced this report which the
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Association has adopted. It was a valuable suggestion and one that

was timely, and if any member present has anything to suggest as to

the line of work this Committee should undertake during the coming

year, it will assist the Board of Direction in outlining its program.

Prof. Allen :—The Committee has spent so much time on work of

this sort, I would ask if they have some suggestions to make them-

selves?

Mr. Tratman :—The chairman of the Committee recently invited sug-

gestions for the work of 1906, and my suggestions in response to this

were as follows: (i) Design and operation of poling yards; (2)

design of and facilities for division yards
; (3) locomotive facilities at

division yards
; (4) freight handling machinery at yards and terminals

(including rail-and-water terminals) ; (5) arrangements and facilities

for small yards and at small stations; C6) yard arrangements and facili-

ties at passenger terminals.

Mr. Montzheimer :—I would like to see soma investigation made
as to the best method of draining surfaces of large terminal yards.

Mr. L. C. Fritch :—I think the Committee should go further into the

subject of hump yards. This is one of the live questions in operation,

and we depend upon the engineers to build the yards. I think the most

important question in connection with hump yards is the matter of

grades. In the course of an investigation of a number of hump yards

we found that where the grade is heaviest immediately after leaving

the summit, and therefore the acceleration is greatest at the start, in

that yard the switching is done most rapidly. I think the Committee

should determine the exact grades which should be used through the

classification yard, how far it should extend, whether entirely through

the yard or only part way. I do not think the suggestions of the Com-
mittee on that point at present are complete. They say the grade shall

take cars to destination, but the destination may be at the end of the

classification yard or just within the limits at the upper end, and that

is a matter which should be definitely determined. I think they ought to

give us definite data on the various kinds of grades to use, classifying

the grades to be used in the hump yard, such as the "approaching grade,"

from the receiving yard to the summit, should be one grade ; then the

"velocity grade," running from the summit down ; then the "assisting

grade," connecting with the velocity grade and running into the receiv-

ing grade ; and then the "yard grade." These grades should be specified

and the best practice determined and recommendations made on these

lines. Then I think they should also investigate the matter of "poling

yards," the yard intermediate between the "flat" yard and the "hump"

yard, to determine the relative economy of the poling yard and the hump

yard. I also believe the Committee should give us some . data on the

cost of the use of hump yards, that is, the cost of switching and

at what point it becomes economical to close up the hump yard end use

a level yard.
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Mr. Wendt:—It is an open question when to build a scale on a hump
or on the grade following the hump in the classification yard. The

question involves one of location, and it seems to me that the Committee

might follow this up with profit to the members. I can conceive of con-

ditions wiiich would make it entirely improper to put any scale at the

hump. This question was recently discussed by a writer in Engineering

News, and it has occurred to me that the Committee might do some

investigating along this line.

Mr. McDonald:—Has anj'thing been done on the subject of provid-

ing shelter for the repairing of freight cars, which was referred to in

the discussion?

The President:—There was discussion on the subject, but there was

r.o action taken. Have the members any suggestions to make on that?

Mr. L. C. Fritch :—The Committee could get some information from

the investigations made by Mr. Baldwin on the Illinois Central. We
found it to be more economical to furnish umbrella sheds—not exactly

umbrella sheds, but sheds covering three, four or five tracks—than it

was not to furnish them., because of the extra amount of labor secured

from the car repair men. Our practice is to use old sills taken from

the cars in building the sheds. We have now a large number gathered

at different points, and we figure it is economical to use a shed to cover

the cars, even where ordinary repairs are made, as Mr. Baldwin stated.

Prof. Allen :—I was about to suggest that the matter be left in the

hands of the Board of Direction. I suppose if no motion is made, that

will be the course.

The President :—The suggestions that have been made are being

recorded and will be taken up by the Board of Direction in planning

the work of the Committee during the year.

Mr. Baldwin :—I suggest that the Committee obtain some actual

data from the different roads as to how much time, in a certain period,

is lost by the men engaged in car repairs, through bad weather, and

formulate some recommendation in their report as to when and under

what circumstances a road would be justified in providing sheds for

the cars while slight repairs are being made.

Mr. G. D. Hicks (Nashville, Chattanooga & St. Louis) :—Another

item to be considered is the loss of the use of the cars while waiting to

be repaired, which amounts to a considerable sum. If the weather should

be bad for two or three days, the cars would be held up for that length

of time, and the road would lose the use of them.

Mr. Ewing:—I would supplement what has been said by including

the handling of switches in hump yards.

Mr. Wendt:—There is another very live subject in connection with

yards, and especially hump yards, and that is the question of electric

lighting. I do not understand that we have ever taken any action on

that subject, and if it is in order for this Committee—and I think it is

—
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to report upon that subject, it would be well for them to give us some

conclusions in regard to lighting these large classification yards.

The President:—If there are no further suggestions, the report of

the Committee will be received as amended and the Committee relieved

with the thanks of the Association.



REPORT OF COMMITTEE NO. XV.—ON IRON AND
STEEL STRUCTURES.

To the Members of the American Raihvay Engineering and Maintenance

of Way Association:

In accordance with instructions set forth in Bulletin No. 63, your

Committee on Iron and Steel Structures begs to submit a revision of

the specifications presented to the Association at the last annual meeting.

In response to our circular letter issued by the Secretary of the

Association dated October 4, several valuable discussions have been

received. We have endeavored to conform to the suggestions offered

as far as possible; and have profited by these discussions, and by the

valuable work of the individual members of the Committee, as we hope

will be apparent in the specifications now laid before you.

Part I, which was referred back to the Committee, has been very

thoroughly studied and completely revised. Part II has been somewhat

rearranged and many paragraphs rewritten with the idea of improving

its make-up and phraseology, but without much change of meaning.

New paragraphs, and those which have been revised are referred

to by footnotes. Paragraphs 31, 32, 66, 89, 150, 151, 152, and 153, of

the 1905 edition, have been omitted and their substance covered in other

places ; 69, yy, 88 and 165 have been omitted as not essential.

For comparison, the paragraphs of the 1905 edition which have

been revised are reprinted on right-hand pages.

An alternate scheme of impact and unit strains is presented as a

minority report by three of our members. It is submitted for the

consideration of the Association. It is manifestly impracticable to incor-

porate the two schemes in a single definite set of rules for designing

bridges, although both result in satisfactory structures.

CONDENSED STATEMENT OF MEETINGS.

The Boston members of the Committee met three times during

the past year, at which IMessrs. Snow, Brown and Worcester were

present. At one of these meetings, Mr. C. C. Schneider was also

present.

183
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The Qiicago members—Messrs. Loweth, Brunner, Cartlidge, Rob-

inson and Page—met twice during the year, holding one meeting on

November 28th, and the second meeting on December ist. At the

second meeting, Mr. C. D. Purdon was also present.

The meetings of the General Committee were held at Niagara Falls

on June 19th and December 20th. There were present, Messrs. Snow,

Loweth, Brunner, Cartlidge, Crandall, Page, Purdon, Robinson, Schnei-

der, Worcester and Brown; all members being present except Messrs.

Mills, Greiner and Hawxhurst.

RECOMMENDED PRACTICE IN CONTRACTING FOR STEEL
RAILROAD BRIDGES.

REVISED 1906.

First.—That it is preferable for railroads to furnish general detailed

plans and specifications of structural work to bidders, complete enough to

show the exact character of the work ; but if such plans cannot be

furnished, the alternative to be full specifications similar to those on

pages 6 to 24, accompanied by outline plans and all information con-

cerning the work.

Second.—That it is preferable to invite bids on a pound price basis

;

and, if desired, alternate bids may be asked for the work, f. o. b. cars,

and for the work erected. That a lump sum bid is inadmissible unless

general detailed plans and specifications are furnished.

Third.—That it is preferable to invite bids for as large groups of

bridges as can be defined consistently with the first recommendation,

but when required to anticipate future requirements, it is not necessary

for the railroad to submit designs if the nature of the work is known

to the bidder by reason of having previously done work for the railroad

or if standard designs of similar structures are submitted to the bidders.

Fourth.—That whenever a bridge is to be erected on a line where

traffic is to be maintained, it is recommended that the work be done

by the railroad force; but on small railroads where suitably organized

and equipped forces for such work may not be justified, the large bridges,

and in some cases all bridges, may be erected by contract.

Fifth.—That it is preferable in all cases that the Railroad Company

furnish and lay the floor timber.

i
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GENERAL SPECIFICATIONS FOR STEEL RAILROAD
BRIDGES.

PART FIRST—DESIGN. >.

I. GENERAL FEATURES.

*i. The material in the superstructure shall be structural steel, ex-

cept rivets, and as may be otherwise specified.

*2. On a straight line, the clear heiglit of through bridges shall not

be less than 21 ft. above top of rails for a width of 6 ft. over a single

track, and the clear width shall be not less than 7 ft. from the center line

of the track between the lieights of 4 and 17 ft. above the rails. The

width shall be increased to provide the same minimum clearance on

curves, for a car 80 ft. long, 14 ft. high, and 60 ft. center to center of

trucks, allowance being made for curvature and superelevation of rails.

3. The width center to center of girders and trusses shall in no

case be less than one-twentieth of the effective span, nor less than is

necessary to prevent overturning under the assumed lateral loading.

*4. Ends of deck plate girders and track stringers of skew bridges at

abutments shall be square to the track, unless a ballasted floor is used.

*5. Wooden tie floors shall be secured to the stringers and shall be

proportioned to carry the maximum wheel load, with 100 per cent, impact,

distributed over three ties, with fiber strain not to exceed t2,400 lbs.

per sq. in. Ties shall not be less than 10 ft. in length. They shall be

spaced with not more than 6 in. openings ; and shall be secured against

bunching.

II. LOADS

*6. The dead load shall consist of the estimated weight of the

entire suspended structure. Timber shall be assumed to weigh 4^4 fts.

per ft. B. M. ; ballast ico lbs. per cu. ft. and rails and fastenings 150

tbs. per linear ft. of track.

Kind of
Material.

Clearance.

Spacing:
1 russes.

Skew
Bridges.

Timber
Floors.

* 1905 sreciflcations revised.
tSee amendment, page 205.
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Moving
Load.

*7. The live load, for each track, shall consist of two typical engines

followed by a uniform load, according to Cooper's seriej.t or a system

of loading giving practically equivalent strains. The minimum loading

to be Cooper's E-40, as shown in the following diagrams

:
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and —^i-Li the diagram that gives the larger strains to be u sed.

Heavier
Loading.

Impact.

Lateral
Load.

Wind
Load.

8. Heavier loadings shall be proportional to the above diagrams on

the same spacing.

*g. The dynamic increment of the live load shall be added to the

maximum computed live load strains and shall be determined by the

300
formula / -

where

:.$

L + 300

t/= impact to be added to the live load strains.

6"= computed maximum Jive load strain.

L= loaded length of track in feet producing the maximum
strain in the member. For bridges carrying more than

one track, the aggregate length of all tracks producing

the strain shall be used.

Impact shall not be added to strains produced by longitudinal,

centrifugal and lateral or wind forces.

*tio. All spans shall be designed for a lateral force of 600 lbs. per

linear ft. of the loaded chord, and 200 lbs. per linear ft. of the unloaded

chord; these forces being considered as moving.

*ii. Viaduct towers shall be designed for a force of 50 lbs. per

sq. ft. on one and one-half times the vertical projection of the structure

unloaded; or 30 lbs. per sq. ft. on the same surface plus 400 lbs. per

linear ft. of structure applied 7 ft. above the rail for assumed wind

load on train when the structure is either fully loaded or loaded on

either track with empty cars assumed to weigh 1,200 ibs. per linear ft.,

whichever gives the larger strain.

• 1905 specifications revised.
tSee amendment, page 205.
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*I2. Viaduct towers and similar structures shall be designed for

a longitudinal force applied to the rail of ttwo-tenths of the live load.

*ti3. Structures located on curves shall be designed for the centrif-

gal force of the live load acting at a height of 6 ft. above the vail ; and

at a speed to be determined by the engineer for each case.

Longi-
tudinal
Force.

Centrifugal
Force.

III. UNIT STRAINS AND PROPORTION OF PARTS.

14. All parts of structures shall be so proportioned that the sum of

the maximum strains shall not exceed the following amounts in pounds

per square inch, except as modified in paragraphs 20 to 23

:

15. Axial tension on net section 16,000

16. Axial compression on gross section 16,000— 70—
where "/" is the length of member in inches and "r" is the least radius

of gyration in inches.

*\y. Bending: on extreme fibers of rolled shapes, built sections

and girders ; net section 16,000

on extreme fibers of pins .'

24,000

*i8. Shearing : shop driven rivets and pins 12,000

field driven rivets and turned bolts ti9,ooo

plate girder webs
;
gross section 10,000

*I9. Bearing: shop driven rivets and pins 24,000

field driven rivets and turned bolts ti8,ooo

granite masonry and Portland cement concrete 600

sandstone and limestone 400

expansion rollers; per linear inch 600 d

where "d" is the diameter of the roller in inches.

*t20. Members subject to alternate strains of tension and compres-

sion shall be proportioned for the strains giving the largest section. The

connections shall be proportioned for the sum of the strains.

21. Wherever the live and dead load strains are of opposite char-

acter, only 70 per cent, of the dead load strain shall be considered as

effective in counteracting the live load strain.

*22. Members subject to both axial and bending strains shall be

proportioned so that the combined fiber strains will not exceed the

allowed axial strain.

* 1905 specifications revised.
tSee amendment, page 205.

Unit
Strains.

Compres-
sion.

Bending.

Shearing.

Bearing.

Alternate
Strains.

Counter-
Strains.

Axial and
Bending
Strains
Combined.
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Tjateral and
Other
Strains
Combined.

*t23. For strains produced by lateral, longittidinal or wind forces

combined with those from live and dead load, the unit strains may be

increased 25 per cent, over those given above ; but the section shall

not be less than required for the live and dead load alone.

Net Section
at Rivets.

*24. In proportioning tension members the diameter of the rivet

holes shall be taken 5^-in. larger than the nominal diameter of the rivet.

Rivets.

Net Section
at Pins.

*25. In proportioning rivets, the nominal diameter of the rivet shall

be used.

26. Pin-connected riveted tension members shall have a net section

through the pin-hole at least 25 per cent, in excess of the net section of

the body of the member, and the net section back of the pin-hole,, parallel

with the axis of the member, shall be not less than the net section of

the body of the member.

Proportion-
ing Plate
Girders.

*27. Plate girders shall be proportioned either by the moment of

inertia of their net section ; or by assuming that the flanges are con-

centrated at their centers of gravity ; in which case one-eighth of the

gross section of the web, if properly spliced, may be used as flange

section.

Compression
Flange.

Flange
Rivets.

*28. The gross section of the compression flanges of plate girders

shall not be less than the gross section of the tension flanges; nor shall

the strain per sq. in. in the compression flange of any beam or girder

/

exceed 16,000 — 200 —, where / = unsupported distance and h -— width
h

of flange.

*t29. The number of plate girders shall be connected to the web with

a sufficient number of rivets to transfer the total shear at any point

in a distance equal to the depth of the girder at that point combined with

any load that is applied directly on the flange. The wheel loads, where

the ties rest on the flanges, shall be assumed to be distributed over

three ties.

Depth
Ratios.

*t30. Pony trusses and plate girders shall preferably have a depth

not less than one-tenth of the span, and rolled beams used as girders

shall preferably have a depth of not less than one-twelfth of the span.

When these ratios are decreased, proper increase shall be made to the

section to avoid excessive deflection.

* 1905 specifications revised.
tSee amendment, page 206.
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IV. DETAILS OF DESIGN.

GENERAL REQUIREMENTS.

*3i. Structures shall be so designed that all parts will be accessible

for inspection, cleaning and painting.

*32. Pockets or depressions which would hold water shall have

drain holes, or be filled with waterproof material.

3^. Main members shall be so designed that the neutral axis will be

as nearly as practicable in the center of section, and the neutral axes of

intersecting main members of trusses shall meet at a common point.

*t34. Rigid counters are preferred; and where subject to reversal of

strain shall preferably have riveted connection to the chord. Adjustable

counters shall have open turnbuckles.

35. The strength of connections shall be sufficient to develop the

full strength of the member, even though the computed strain is less, the

kind of strain to which the member is subjected being considered.

*36. The minimum thickness of metal shall be ^-in. except for

fillers.

t37. The minimum distance between centers of rivet holes shall be

three diameters of the rivet; but the distance shall preferably be not less

than 3 in. for ^^-in. rivets and 2^4 in. for ^-in. rivets. The maximum

pitch in the line of strain for members composed of plates and shapes

shall be 6 in. for ^s-i"- rivets and 5 in. for 54-in- rivets. For angles

with two gage lines the maximum shall be twice the above in each line,

with rivets staggered, and where two or more plates are used in contact,

rivets not more than 12 in. apart in any direction shall be used to hold

the plates well together. In tension members composed of two angles

in contact, a pitch of 12 in. will be allowed for riveting the angles

together.

38. The minimum distance from the center of any rivet hole to a

sheared edge shall be i^ in. for ^-in. rivets and i^ in. for ^4-in.

rivets, and to a rolled edge i^4 and i^ in., respectively. The maximum

distance from any edge shall be eight times the thickness of the plate,

but shall not exceed 6 in.

39. The diameter of the rivets in any angle carrying calculated

strain shall not exceed one-quarter the width of the leg in which they are

driven. In minor parts ^-in. rivets may be used in 3-in. angles, and

^-in. rivets in 23^-in. angles.

Open
Sections.

Water
Pockets.

Symmetrical
Sections.

Counters.

Strength of
Connections.

Minimum
Thickness.

Pitch of
Rivets.

Edge
Distance.

Maximum
Diameter.

* 1905 specifications revised.
tSee amendment, page 206.
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40. Rivets carrying calculated strain and whose grip exceeds four

diameters shall be increased in number at least one per cent, for each

additional i^e'i"- of grip-

41. The pitch of rivets at the ends of built compression members

shall not exceed four diameters of the rivets for a length equal to one

and one-half times the maximum width of member.

*t42. In compression members the metal shall be concentrated as

much as possible in webs and flanges. The thickness of each web shall

be not less than one-thirtieth of the distance between its connections to

the flanges. Cover plates if used shall have a thickness not less than

one-fortieth of the distance between rivet lines.

*43. Flanges of girders and built members without cover plates shall

have a minimum thickness of tone-tenth the width of the outstanding

leg.

*44. The open sides of compression members shall be provided with

lattice and shall have tie-plates as near each end as practicable. Tie-

plates shall be provided at intermediate points where the lattice is inter-

rupted. In main members the end tie-plates shall have a length not less

than the distance between the lines of rivets connecting them to the

flanges, and intermediate ones not less than one-half this distance. Their

thickness shall not be less than one-fiftieth of the same distance.

45. The minimum width of lattice bars shall be 2^/2. in. for ^-in.

rivets, 2j4 in. for ^-in. rivets, and 2 in. if 5^-in. rivets are used. The

thickness shall not be less than one-fortieth of the distance between end

rivets, for single lattice and one-sixtieth for double lattice. Shapes of

equivalent strength may be used.

46. Five-eighths-inch rivets shall be used for latticing flanges less

than 2y2 in. wide and Y^-'m. rivets for flanges from 2^^ to 3J'2 in. wide;

%-in. rivets shall be used in flanges 3V2 in. and over, and lattice bars

with two rivets shall be used for flanges over 5 in. wide.

47. The inclination of lattice bars with the axis of the member shall

be not less than 45 degrees, and when the distance between rivet lines

in the flanges is more than 15 in., if single rivet bar is used, the lattice

shall be double and riveted at the intersection.

'''48. Lattice bars shall be so spaced that the portion of the flange

included between their connection shall be as strong as the member as

a whole.

* 1905 specifications revised.
iSee amendment, page 206.
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49. Abutting joints in compression members when faced for bearing

shall be spliced on four sides suflficiently to hold the connecting members

accurately in place. All other joints in riveted work, whether in tension

or coinpression, shall be fully spliced.

50. Pin holes shall be reinforced by plates where necessary, and at

least one plate shall be as wide as the flanges will allow and be on the

same side as the angles. They shall contain sufficient rivets to distribute

their portion of the pin pressure to the full cross-section of the member.

51. Forked ends on compression members will be permitted only

where unavoidable; where used, a sufficient number of pin plates shall

be provided to make the jaws of twice the sectional area of the member.

At least one of these plates shall extend to the far edge of the farthest

tie-plate and the balance not less than 6 in. beyond the near edge of the

same plate.

*52. Pins shall be long enough to insure a full bearing of all the

parts connected upon the turned body of the pin. They shall be secured

by chambered nuts or be provided with washers if solid nuts are used.

The screw ends shall be long enough to admit of burring the threads.

53. Members packed on pins shall be held against lateral movement.

54. Where members are connected by bolts, the turned body of these

bolts shall be long enough to extend through the metal. A washer at

least %-m. thick shall be used under the nut. Bolts shall not be used

in place of rivets except by special permission. Heads and nuts shall

be hexagonal.

tsS- Where splice plates are not in direct contact with the parts

which they connect, rivets shall be used on each side of the joint in

excess of the number theoretically required to the extent of one-third

of the number of each intervening plate.

t56. The number of rivets in fillers between parts carrying strain

shall be governed by paragraph 55 ; the excess rivets, where possible, to

be outside of the connected part, so as to make tight fillers.

*57. Provision for expansion to the extent of J^-in. for each 10 ft.

shall be made for all bridge structures. Efficient means shall be provided

to prevent excessive motion at any one point.

*58. Spans of 80 ft. and over resting on masonry shall have turned

rollers or rockers at one end ; and those of less length shall be arranged

to slide on smooth surfaces.

Faced
Joints.

Pin
Plates.

Forked
Ends.

Filling
Rings.

Bolts.

Indirect
Splices.

Fillers.

Expansion.

Expansion
Bearings.

1905 specifications revised.
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Fixed
Bearings.

Rollers.

Bolsters.

Wall Plates.

Anchorage.

Inclined
Bearings.

59. Movable bearings shall be designed to permit motion in one

direction only. Fixed bearings shall be firmly anchored to the masonry.

*6o. Expansion rollers shall be not less than 6 in. in diameter.

They shall be coupled together with substantial side bars, which shall

be so arranged that the rollers can be readily cleaned.

*6i. Bolsters or shoes shall be so constructed that the load will be

distributed over the entire bearing; spans of 80 ft. or over shall pref-

erably have hinged bolsters at each end.

*62. Wall plates may be cast or built up ; and shall be so designed

as to distribute the load uniformly over the entire bearing. They shall

be secured against displacement.

*63. Anchor bolts for viaduct towers and similar structures shall be

long enough to engage a mass of masonry the weight of which is at

least one and one-half times the uplift.

64. Bridges on an inclined grade without pin shoes shall have the

sole plates beveled so that the masonry and expansion surfaces may

be level.

FLOOR SYSTEMS.

Floor
Beams.

Stringers.

End Spacers
for Stringers.

65. Floor beams shall preferably be square to the trusses or girders.

They shall be riveted directly to the girders or trusses or may be placed

on top of deck bridges.

66. Stringers shall preferably be riveted to the webs of all inter-

mediate floor beams by means of connection angles not less than rVi".

thick. Shelf angles or other supports provided to support the stringer

during erection shall not be considered as carrying any of the reaction.

*6y. Where end floor beams cannot be used, stringers resting on

masonry shall have cross frames near their ends. These frames shall

be riveted to girders or truss shoe where practicable.

Rigid
Bracing.

Portals.

68. Lateral, longitudinal and transverse bracing in all structures

shall be composed of rigid members.

*6q. Through truss spans shall have riveted portal braces rigidly

connected to the end posts and top chords. They shall be as deep as the

clearance will allow.

* 1905 specifications revised.
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*70. Intermediate transverse frames shall be used at each panel of

through spans having vertical truss members where the clearance will

permit.

*7i. Deck spans shall have transverse bracing at each end propor-

tioned to carry the lateral load to the support.

*72. The minimum sized angle to be used in lateral bracing shall be

3^ by 3 by 5^-in. Not less than three rivets through the end of the

angles shall be used at the connection.

*72. Lateral bracing shall be far enough below the flange to clear

the ties.

*74. The struts at the foot of viaduct towers shall be strong enough

to slide the movable shoes when the track is unloaded.

Transverse
Bracing.

End
Bracing.

Minimum
Bra.cing.

Bracing to
Clear Ties.

Tower
Struts.

PLATE GIRDERS.

*7S- If desired plate girder spans over 50 ft. in length shall be Camber.

built with camber at a rate of rg-in- per 10 ft. of length.

76. Where flange plates are used, one cover plate of top flange shall

extend the whole length of the girder.

*77. There shall be web stiffeners, generally in pairs, over bearings,

at points of concentrated loading and at points required by the formula

:

/

D (12,000— «)

Top Flange.
Cover.

Web
Stiffeners.

40

Where D= clear distance, between stiffeners or flange angles,

f^ thickness of web.

.f= shear per sq. in.

The stiffeners at ends and at points of concentrated loads shall be

proportioned by the formula of paragraph 16, the effective length being

assumed as one-half the depth of girders. End stiffeners and those

under concentrated loads shall be on fillers and have their outstanding

legs as wide as the flange angles will allow and shall fit tightly against

them. Intermediate stiffeners may be offset or on fillers and their out-

standing legs shall be not less than one-thirtieth of the depth of girder

plus 2 in.

78. Through plate girders shall have their top flanges stayed at each Stays for
^ X- o ./ rpQp Flanges.

end of every floor beam, or in case of solid floors, at distances not

exceeding 12 ft., by knee braces or gusset plates.

* 1905 specifications revised.
13
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1906.

Camber.

Rigid
Members.

Eye-bars.

Pony
Trusses.

*79. Truss spans shall be given a camber by making the panel

length of the top chords, or their horizontal projections, longer than the

corresponding panels of the bottom chord in the proportion of J^-in.

in ID ft.

*t8o. The hip verticals and similar members and generally the two

end panels of bottom chords of pin trusses shall be rigid.

8i. The eye-bars composing a member shall be so arranged that

adjacent bars shall not have their surfaces in contact; they shall be as

nearly parallel to the axis of the truss as possible, the maximum inclina-

tion of any bar being limited to one inch in i6 ft.

*82. Pony trusses shall be riveted structures, with double webbed

chords, and shall have all web members latticed or otherwise effectively

stiffened.

• 1905 specifications revised.
tSee adiendment, page 207.
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PART SECOND—MATERIALS AND WORKMANSHIP.

V. MATERIAL.

83. Steel shall be made by the open-hearth process.
Process of
Manufacture.

84. The chemical and physical properties shall conform to the Schedule of^
^

t- ^ t- Reqnire-
following limits :

ments.

Elements Considered.
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Form of
Specimens.

1906.

87. Plates, Shapes and Bars : Specimens for tensile and bending

tests for plates, shapes and bars shall be made by cutting coupons from

the finished product, which shall have both faces rolled and both edges

milled to the form shown by Fig. i ; or with both edges parallel ; or they

may be turned to a diameter of ^/j-in. for a length of at least 9 in., with

enlarged ends.

88. Rivets : Rivet rods shall be tested as rolled.

89. Pins and Rollers : Specimens shall be cut from the finished

rolled or forged bar, in such manner that the center .of the specimen

shall be one inch from the surface of the bar. The specimen for tensile

test shall be turned to the form shown by Fig. 2. The specimen for

bending test shall be I in. by J/2-in. in section.

90. Steel Castings : The number of tests will depend on the char-

acter and importance of the castings. Specimens shall be cut cold from

coupons molded and cast on some portion of one or more castings from

each melt or from the sink heads, if the heads are of sufficient size. The

coupon or sink head, so used, shall be annealed with the casting before

it is cut off. Test specimens to be of the form prescribed for pins and

rollers.

About 3" Parallel Section ^
Not less th;in g" „',

>y^
:

. . . . . +/ . .!

I ^-^M-^l-i^Etc-.
y, About i8-'-

FlG. I.

About 2"

Fig. 2.

Annealed
Specimens.

91. Material which is to be used without annealing or further treat-

ment shall be tested in the condition in which it comes from the rolls.

When material is to be annealed, or otherwise treated before use, the

specimens for tensile tests representing such material shall be cut from

properly annealed or similarly treated short lengths of the full section

of the bar.
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1906.

92. At least one tensile and one bending test shall be made from

each melt of steel as rolled. In case steel differing 5^-in. and more in

thickness is rolled from one melt, a test shall be made from the thickest

and thinnest material rolled.

93. For material less than i^e-'n. and more than ^-in. in thickness

the following modifications will be allowed in the requirements for

elongation

:

(a) For each xV-'"- i" thickness below iV'"- ^ deduction of

2V2 will be allowed from the specified percentage.

(b) For each 3^-in. in thickness above ^-'m., a deduction of i

will be allowed from the specified percentage.

*(c)

Number
of Tests.

Modifica-
tions in
Elongation.

94. Bending tests may be made by pressure or by blows. Plates,

shapes and bars less than one inch thick shall bend as called for in para-

graph 84.

95. Full-sized material for eye-bars and other steel one inch thick

and over, tested as rolled, shall bend cold 180 degrees arouild a pin, the

diameter of which is equal to twice the thickness of the bar, without

fracture on the outside of bend.

96. Angles ^-in. and less in thickness shall open flat, and angles

J^-in. and less in thickness shall bend shut, cold, under blows of a ham-

mer, without sign of fracture. This test will be made only when required

by the inspector.

97. Rivet steel, when nicked and bent around a bar of the same

diameter as the rivet rod, shall give a gradual break and a fine, silky

uniform fracture.

98. Finished material shall be free from injurious seams, flaws,

cracks, defective edges or other defects, and have a smooth, uniform and

workmanlike finish. Plates 36 in. in width and under shall have rolled

edges.

99. Every finished piece of steel shall have the melt number and

the name of the manufacturer stamped or rolled upon it. Steel for pins

and rollers shall be stamped on the end. Rivet and lattice steel and

other small parts may be bundled with the above marks on an attached

metal tag.

Bending
Tests.

Thick
Material.

Bending
Angles.

Nicked
Bends.

Finish.

Stamping.

(c) 1905 specification omitted.
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Defective
Material.

Allowable
Variation
in Weight.

When
Ordered to
Weight.

100. Material which, subsequent to the above tests at the mills, and

its acceptance there, develops weak spots, brittleness, cracks or other

imperfections, or is found to have injurious defects, will be rejected at

the shop and shall be replaced by the manufacturer at his own cost.

loi. A variation in cross-section or weight of each piece of steel of

more than 2^^ per cent, from that specified will be sufficient cause for

rejection, except in case of sheared plates, which will be covered by

the following permissible variations, which, are to apply to single plates

:

I02. Plates 12^ lbs. per sq. ft. or heavier

:

(a) Up to 100 in. wide 2,1^ per cent, above or below the pre-

scribed weight.

(b) One hundred inches wide and over, 5 per cent, above or

below.

When
Ordered
to Gage.

103. Plates under 12^ lbs. per sq. ft.

:

(a) Up to 75 in. wide, 2^/2 per cent, above or below.

(b) Seventy-five inches and up to 100 in. wide, 5 per cent, above

or 3 per cent, below.

(c) One hundred inches wide and over, 10 per cent, above or

3 per cent, below.

104. Plates will be accepted if they measure not more than o.oi in.

below the ordered thickness.

105. An excess over the nominal weight, corresponding to the

dimensions on the order, will be allowed for each plate, if not more than

that shown in the following table, one cu. in. of rolled steel being

assumed to weigh 0.2833 lb.

:

Thickness
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If tests are demanded, they shall be made on the "Arbitration Bar" of

the American Society for Testing Materials, which is a round bar, i%
in. diameter and 15 in. long. The transverse test shall be made on a

supported length of 12 in. with load at middle. The minimum breaking

load so applied shall be 2,900 lbs., with a deflection of at least ^o-in.

before rupture.

107. Wrought-iron shall be double-rolled, tough, fibrous and uniform Wrought-

in character. It shall be thoroughly welded in rolling and be free from

surface defects. When tested in specimens of the form of Fig. i, or in

full-sized pieces of the same length, it shall show an ultimate strength

of at least 50,000 lbs. per sq. in., an elongation of at least 18 per cent, in

8 in., with fracture wholly fibrous. Specimens shall bend cold, with the

fiber, through 135 degrees, without sign of fracture, around a pin the

diameter of which is not over twice the thickness of the piece tested.

Wh.en nicked and bent, the fracture shall show at least 90 per cent,

fibrous.

VII. INSPECTION AND TESTING AT THE MILLS.

108. The purchaser shall be furnished complete copies of mill orders,
^*i{j'orders

and no material shall be rolled, nor work done, before the purchaser has

been notified where the orders have been placed, so that he may arrange

for the inspection.

109. The manufacturer shall furnish all facilities for inspecting and
^^"^i^^^®^

testing the weight and quality of all material at the mill where it is
spection.

manufactured. He shall furnish a suitable testin'g machine for testing

the specimens, as well as prepare the pieces for the machine, free of cost.

no. When an inspector is furnished by the purchaser to inspect
^^Jj^^^

t°

material at the mills, he shall have full access, at all times, to all parts

of mills where material to be inspected by him is being manufactured.

VIII. WORKMANSHIP.

111. All parts forming a structure shall be built in accordance with General,

approved drawings. The workmanship and finish shall be equal to the

best practice in modern bridge works.

112. Material shall be thoroughly straightened in the shop, by ^^r^'^*!*'° "^ •^' ' ening Ma-
methods that will not injure it, before being laid off or worked in any way. terial.

113. Shearing shall be neatly and accurately done and all portions Finish,

of the work exposed to view neatly finished.



200 IRON AND STEEL STRUCTURES.

Size of
Rivets.

Rivet
Holes.

Punching.

Sub-punch-
ing and
Reaming.

Reaming
After
Assembling.

Burrs.

Edge
Planing.

Assembling.

Lattice
Bars.

Web
Stiffeners.

Splice Plates
and Fillers.

Web Plates.

114. The size of rivets, called for on the plans, shall be understood

to mean the actual size of the cold rivet before heating.

*iiS. When general reaming is not required the diameter of the

punch shall not be more than xg"'"- greater than the diameter of the

rivet; nor the diameter of the die more than J/^-in. greater than the

diameter of the punch. Material more than J^-i"- thick shall be sub-

punched and reamed or drilled from the solid.

*ii6. All punching shall be accurately done. Holes mismatching

more than le^if- shall be corrected with reamers. Drifting to enlarge

unfair holes will not be allowed. Poor matching of holes will be cause

for rejection.

*ii7. Where general reaming is required the punch used shall have

a diameter not less than yg-in. smaller than the nominal diameter of

the rivet. Holes shall then be reamed to a diameter not more than

I'e-in. larger than the nominal diameter of the rivet.

*ii8. Reaming shall be done with twist drills, after the pieces

forming one built member are assembled and firmly bolted together. If

necessary to take the pieces apart for shipping and handling, the respective

pieces reamed together shall be so marked that they may be reassembled

in the same position in the final setting up. No interchange of reamed

parts will be allowed.

*II9. The outside burrs on reamed holes shall be removed.

*I20. Sheared edges or ends shall, when required, be planed at

least ^-in.

121. Riveted members shall have all parts well pinned up and firmly

drawn together with bolts before riveting is commenced. Contact sur-

faces to be painted (see 149).

122. Lattice bars shall have neatly rounded ends, unless otherwise

called for.

123. Stiffeners shall fit neatly between flanges of girders. Where

tight fits are called for, the ends of the stiffeners shall be faced and shall

be brought to a true contact bearing with the flange angles.

124. Web splice plates and fillers under stiffeners shall be cut to fit

within y^-in. of flange angles.

125. Web plates of girders, which have no cover plates, shall be

flush with the backs of angles or project above the same not more than

* 1905 specification revised.
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128. Rivets shall look neat and finished, with heads of approved

shape, full and of equal size. They shall be central on shank and grip

the assembled pieces firmly. Recupping and calking will not be allowed.

Loose, burned or otherwise defective rivets shall be cut out and replaced.

In cutting out rivets, great care shall be taken not to injure the adjacent

metal. If necessary, they shall be drilled out.

129. Wherever bolts are used in place of rivets which transmit

shear, the holes shall be reamed parallel and the bolts turned to a driving

fit. A washer not less than %-m. thick shall be used under nut.

130. The several pieces forming one built member shall be straight

and fit closely together, and finished members shall be free from twists,

bends or open joints.

131. Abutting joints shall be cut or dressed true and straight and

fitted close together, especially where open to view. In compression joints

depending on contact bearing, the surfaces shall be truly faced, so as to

have even bearings after they are riveted up complete and when per-

fectly aligned.

*I32. Holes for floor beam and stringer connections shall be sub-

punched and reamed with twist drills to a steel templet one inch thick.

Unless otherwise allowed, all other field connections shall be assembled

in the shop and the unfair holes reamed ; and when so reamed the pieces

shall be match-marked before being taken apart.

*ti33. Eye-bars shall be straight and true to size, and shall be free

from twists, folds in the neck or head, or any otlier defect. Heads shall

be made by upsetting, rolling or forging. Welding will not be allowed.

The form of heads will be determined by the dies in use at the works

where the eye-bars are made, if satisfactory to the engineer, but the

manufacturer shall guarantee the bars to break in the body when tested

Connection
Angles.

]/i-'m., unless otherwise called for. When web plates are spliced, not

more than l^-in- clearance between ends of plates will be allowed.

*I26. Connection angles for floor beams and stringers shall be flush

with each other and correct as to position and length of girder. In case

milling is required after riveting, the removal of more than I'g-in. from

their thickness will be cause for rejection.

127. Rivets shall be driven by pressure tools wherever possible. Riveting.

Pneumatic hammers shall be used in preference to hand driving.

Rivets.

Turned
Bolts.

Members to
Be Straight.

Finish
of Joints.

Field
Connections.

Eye-Bars.

• 1905 specifications revised.
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Boring
Eye-Bars.

Pin Holes.

Variation
in Pin
Holes.

Pins and
Rollers.

Screw
Threads.

Annealing.

Steel
Castings.

Welds.

Bed Plates.

Pilot
Nuts.

Field
Rivets.

Shipping
Details.

Weight.

to rupture. The thickness of head and neck shall not vary more

than A -in. from the thickness of the bar. (See i6o.)

*i34. Before boring, each eye-bar shall be properly annealed and

carefully straightened. Pin holes shall be in the center line of bars and

in the center of heads. Bars of the same length shall be bored so

accurately that, when placed together, pins sS-in. smaller in diameter than

the pin holes can be passed through the holes at both ends of the bars

at the same time without forcing.

*I3S. Pin holes shall be bored true to gages, smooth and straight;

at right angles to the axis of the member and parallel to each other,

unless otherwise called for. The boring shall be done after the member

is riveted up.

136. The distance center to center of pin holes shall be correct

within 3*3-in-, and the diameter of the hole not more than gV-in. larger

than that of the pin, for pins up to 5-in. diameter, and 3V -in. for

larger pins.

137. Pins and rollers shall be accurately turned to gages and shall

be straight and smooth and entirely free from flaws.

138. Screw threads shall make tight fits in the nuts and shall be

U. S. standard, except above the diameter of 1^ in., when they shall be

made with six threads per inch.

139. Steel, except in minor details, which has been partially heated,

shall be properly annealed.

140. All steel castings shall be annealed.

141. Welds in steel will not be allowed.

142. Expansion bed plates shall be planed true and smooth. Cast

wall plates shall be planed top and bottom. The cut of the planing tool

shall correspond with the direction of expansion.

*I43. Pilot and driving nuts shall be furnished for each size of

pin, in such numbers as may be ordered.

*I44. Field rivets shall be furnished to the amount of 15 per cent.

plus ten rivets in excess of the nominal number required for each size.

145. Pins, nuts, bolts, rivets and other small details shall be boxed

or crated.

146. The weight of every piece and box shall be marked on it in

plain figures.

• 1905 Bpeciflcations revised.
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147. Payment for pound price contracts shall be by scale weight.

No allowance over 2 per cent, of the total weight of the structure

as computed from the plans will be allowed for excess weight.

Finished
Weight.

IX. SHOP PAINTING.

148. Steel work, before leaving the shop, shall be thoroughly cleaned

and given one good coating of pure linseed oil, or such paint as may be

called for, well worked into all joints and open spaces.

149. In riveted work, the surfaces coming in contact shall each be

painted before being riveted together.

150. Pieces and parts which are not accessible for painting after

erection, including tops of stringers, eye-bar heads, ends of posts and

chords, etc., shall have a good coat of paint before leaving the shop.

151. Painting shall be done only when the surface of the metal is

perfectly dry. It shall not be done in wet or freezing weather, unless

protected under cover.

152. Machine-finished surfaces shall be coated with white lead and

tallow before shipment or before being put out into the open air.

Cleaning.

Contact
Surfaces.

Inaccessible
Surfaces.

Condition of
Surfaces.

Machine-
Finished
Surfaces.

X. INSPECTION AND TESTING AT THE SHOPS.

153. The manufacturer shall furnish all facilities for inspecting and

testing the weight and the quality of workmanship at the shop where

material is manufactured. He shall furnish a suitable testing machine

for testing full-sized members if required.

*IS4. The purchaser shall be notified well in advance of the start

of the work in the shop in order that he may have an inspector on hand

to inspect material and workmanship.

155. When an inspector is furnished by the purchaser, he shall have

full access, at all times, to all parts of the shop where material under

his inspection is being manufactured.

156. The inspector shall stamp each piece accepted with a pr.ivate

mark. Any piece not so marked may be rejected at any time, and at any

stage of the work. If the inspector, through an oversight or otherwise,

has accepted material or work which is defective or contrary to the

specifications, this material, no matter in what stage of completion, may

be rejected by the purchaser.

Facilities
for
Inspection.

Starting
Work in
Shop.

Access
to Shop.

Accepting
Material
or Work.

• 1905 specifications revised.
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Plans.

Shipping
Invoices.

204 IRON AND STEEL STRUCTURES.

*I57. The purchaser shall be furnished complete shop plans.

*I58. Complete copies of shipping invoices shall be furnished to the

purchaser with each shipment.

Test to
Prove
Workman-
ship.

Eye-Bar
Tests.

XL FULL-SIZED TESTS.

*I59. Full-sized tests on eye-bars and similar members, to prove

the workmanship, shall be made at the manufacturer's expense, and

shall be paid for by the purchaser at contract price, if the tests are

satisfactory. If the tests are not satisfactory, the members represented

by them will be rejected.

*i6o. In eye-bar tests, the fracture shall be silky, the elongation in

10 ft., including the fracture, shall be not less than 15 per cent; and the

ultimate strength and true elastic limit shall be recorded. (See 133.)

Respectfully submitted,

J. P. Snow, Bridge Engineer, Boston & Maine Railroad, Boston, Mass.,

Chairman.

C. F. LovvETH, Engineer and Superintendent Bridges and Buildings, Chi-

cago, Milwaukee & St. Paul Railway, Chicago, 111., Vice-Chairman.

John Brunner, Assistant General Superintendent, North Works, Illinois

Steel Company, Chicago, 111., Secretary.

M. F. BrowNj Chief Engineer, Boston Bridge Works, Boston, Mass.

C. H. Cartlidge, Bridge Engineer, Chicago, Burlington & Quincy Rail-

road, Chicago,. 111.

C. L. CkANDALL, Professor of Railroad Engineering, Cornell University,

Ithaca, N. Y.

J. E. Greiner, Assistant Chief Engineer, Baltimore & Ohio Railroad,

Baltimore, Md.

RoBT. Hawxhurst, Jr., Consulting Engineer, Tacoma, Wash.

Chas. M. Mills, Principal Assistant Engineer, Elevated Railroad and

Subway, Philadelphia, Pa.

A. D. Page, Engineer Bridges and Buildings, Chicago, Rock Island &
Pacific Railway, Chicago, III.

C. D. PuRDON, Engineer Maintenance of Way, St. Louis & San Francisco

Railway, St. Louis, Mo.

A. F. Robinson, Bridge Engineer, Santa Fe Railway System, Chicago, 111.

C. C. Schneider, Consulting Engineer, Philadelphia, Pa.

J. R. Worcester, Consulting Engineer, Boston, Mass.

Committee.

* 1905 specifications revised.
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AMENDMENTS.

5. Wooden tie floors shall be secured to the stringers and shall be

proportioned to carry the maximum wheel load, with 100 per cent,

impact, distributed over three ties, with fiber strain not to exceed 2,000

lbs. per sq. in. Ties shall not be less than 10 ft. in length. They shall

be spaced with not more than 6-in. openings and shall be secured against

bunching.

9. Amend fifth line to read as follows :
"/ equals impact or

dynamic increment to be added to line-load strains."

10. All spans shall be designed for a lateral force on the loaded

chord of 200 lbs. per linear foot plus 10 per cent, of the specified train

load on one track, and 200 lbs. per linear foot on the unloaded chord

;

these forces being considered as moving.

12. Viaduct towers and similar structures shall be designed for a

longitudinal force applied to the rail of 20 per cent, of the live load.

13. Structures located on curves shall be designed for the centrifu-

gal force of the live load acting at a height of 6 ft. above the rail,

proper account being taken of the superelevation, the speed and super-

elevation to be determined by the engineer for each case.

18. Shearing : shop driven rivets and pins 12,000

field driven rivets and turned bolts io,oco

plate girder webs; gross section 10,000

19. Bearing: shop driven rivets and pins 24,000

field driven rivets and turned bolts 20,000

granite masonry and Portland cement concrete 600

sandstone and limestone 400

expansion rollers
;
per linear inch 6ood

where "d" is the diameter of the roller in inches.

20. Members subject to alternate strains of tension and compression

shall be proportioned for the strains giving the largest section. If the

alternate strains occur in succession during the passage of one train, as

in stiff counters, each strain shall be increased by 50 per cent, of the

smaller. The connections shall in all cases be proportioned for the sum

of the strains.
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23. For strains produced by longitudinal and lateral or wind forces

combined with those from live and dead load and centrigual forces, the

unit strain may be increased 25 per cent, over those given above ; but

the section shall not be less than required if the longitudinal and lateral

or wind forces be neglected.

29. The flanges of plate girders shall be connected to the web with

a sufficient number of rivets to transfer the total shear at any point in

a distance equal to the effective depth of the girder at that point com-

bined with any load that is applied directly on the flange. The wheel

loads, where the ties rest on the flanges, shall be assumed to be dis-

tributed over three ties.

30. Trusses shall preferably have a depth of not less than one-tenth

of the span. Plate girders and rolled beams, used as girders, shall pref-

erably have a depth of not less than one-twelfth of the span. If shal-

lower trusses, girders or beams are used, the section shall be increased

so that the maximum deflection will not be greater than if. the above

limiting ratios had not been exceeded.

34. Rigid counters are preferred; and where subject to reversal of

strain shall preferably have riveted connections to the chords. Adjustable

counters shall have turnbuckles.

2,7. The minimum distance between centers of rivet holes shall be

three diameters of the rivet ; but the distance shall preferably be not less

than 3 in. for J/^-in. rivets and 2j^ in. for ^-in. rivets. The maximum
pitch in the line of strain for members composed of plates and shapes

shall be 6 in. for %-in. rivets and S in. for 54-in- rivets. For angles

with two gage lines and rivets staggered the maximum shall be twice

the above in each line. Where two or more plates are used in contact,

rivets not more than 12 in. apart in either direction shall be used to

hold the plates well together. In tension members composed of two

angles in contact, a pitch of 12 in. will be allowed for riveting the angles

together.

42. In compression members the metal shall be concentrated as

much as possible in webs and flanges. The thickness of each web shall

be not less than one-thirtieth of the distance between its connections to

the flanges. Cover plates shall have a thickness not less than one-

fortieth of the distance between rivet lines.

43, Flanges of girders and built members without cover plates



IRON AND STEEL STRUCTURES. 207

shall have a minimum thickness of one-twelfth of the width of the

outstanding leg.

55. Where splice plates are not in direct contact with the parts

which they connect, rivets shall be used on each side of the joint

in excess of the number theoretically required to the extent of one-

third of the number for each intervening plate.

56. Rivets carrying strain and passing through fillers shall be

increased 50 per cent, in number ; and the excess rivets, when possible,

shall be outside of the connected member.

80. Hip verticals and similar members, and the two end panels

of the bottom chords of single track pin-connected trusses up to

300 ft. spans shall be rigid.

84. Change second line, second column, from 0.08 to 0.06.

85. If the ultimate strength varies more than 4,000 lbs. from that

desired, a retest shall be made on the same gage, which, to be accept-

able, shall be within 5,000 lbs. of the desired ultimate.

126. Connection angles for floor beams and stringers shall be

flush with each other and correct as to position and length of girder.

In case milling of all such angles is needed or is required after rivet-

ing, the removal of more than 1-16 in. from their thickness will be

cause for rejection.

133. Eye-bars shall be straight and true to size, and sbAll be

free from twists, folds in the neck or head or any other defect. Heads

shall be made by upsetting, rolling or forging. Welding will not be

allowed. The form of heads will be determined by the dies in use

at the works where the eye-bars are made, if satisfactory to the en-

gineer, but the manufacturer shall guarantee the bars to break in the

body when tested to rupture. The thickness of head and neck shall

not vary more than 1-16 in. from that specified. (See 160.)



APPENDIX.

DISCUSSION OF COMPRESSION FORMULAS.

By John Bruimer, Assistant General Superintendent, North Works, Illinois

Steel Company.

During the discussion at the annual convention last spring (1905),

several of the speakers raised objections to the adoption of the straight-

line compression formula recommended by the Committee on Iron and
Steel Structures, and as the first part of the specifications have been

referred back to the Committee for reconsideration, it is the proper time

to again open up the question of the merits of the various compression

formulas.

The compression formulas in use are largely based on the numerous

tests that have been made on compression members, either duplicate

of, or similar to, the compression members used in structures which

have been built.

A collection of the data from these tests shows that the ultimate

strength of compression members varies greatly, due to the non-uni-

formity of the material and workmanship, and the more or less eccentric

application of the forces on the members during the tests, and other

sources.

There is no doubt that the forces, acting on the compression mem-
bers in actual use in structures, are applied much more eccentrically and

irregularly and for this reason are more destructive than those applied

in the testing machine, and that the ultimate strength of the members,

under such adverse conditions, if it could be recorded, wotild be less

and would show a greater variation than for the members broken

in the testing machine. Take, for example, the top chords in trusses

with parallel chords. The ends of the chord sections at their splices

are usually milled square to the axis of the chords. The trusses are

given a camber in most cases so large that the deflection under full

load is not sufficient to counteract it. The milled ends of the chords

are, in calculating the required section, assumed to be in contact

throughout and to transfer the strain from one chord section to

another through this assumed contact surface. In actual service, the

contact surface is limited to the lower part of the milled ends, until

either the material at the lower edge is strained so as to take a

permanent set, or the chord is deflected upwardly.

208
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Posts, to which the ends of shallow floor beams are riveted, arc

thrown by the deflection of the floor beams out of the straight line in

which they have been assumed to act as columns. In bridge.^ with

two trusses supporting two tracks, and three trusses supporting two

tracks with only one track loaded, the rigid bracing and floor system

will bend all the compression members out of their normal position

during the deflection of the structure under the eccentric loading and

produce large secondary strains. These secondary strains cannot be

accurately determined and are, except in perhaps a few cases, entirely

disregarded in designing bridges of ordinary spans.

That they affect compression members more than tension member-
is clear for the reason that after a member has been deflected from
its normal position or shape, compression strains will assist the sec-

ondary bending strains to further deflect the member, while tension

strains will resist the secondary bending strains against further deflection

of the member. It is also clear that a combination of the compression

strains with the secondary bending strains is more dangerous for com-

/

pression members with a large value of •— than for compression mem-
r

/

bers with a smaller value of —

.

r

In adopting a formula for use in proportioning compression mem-
bers such a formula should be selected as will give a section of sufficient

strength imder the conditions existing when the structures are in service,

and not a formula that applies to theoretical conditions only.

Engineers have found, from experience, that it is not safe to use

the formulas devised above a certain relation between the length of the

member and its radius of gyration, and have placed this limit at

/ /

— = loo for main members and — = 120 for lateral members, pro-

/

hibiting in their specifications the use of columns with the relation —
r

above these limits.

It looks as if these formulas are not as well adapted for practical

use as is desired, as there seems to be no good reason for assuming that

the column can safely carry a strain of several thousand pounds per

square inch according to the formula under and at the above limits,,

but is not safe for any strain above these limits. It seems more

reasonable to devise a formula that could he followed for all values of

/
'

— up to a point where the fornnila itself would give a limit. Such
r

a formula was proposed by the late Prof. J. B. Johnson and can be

found in his book, "The Theory and Practice of Modern Framed

Structures," paragraph 137, of the edition of 1900.

14
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I'

It is the form of /> = /— h —
r*

where p = the strength of the material in compression at the elastic

limit.

/= the elastic limit.

b= a coefficient.

/= the length of coknnn.

r= the least radius of gyration.

Substituing the base unit strain recommended by the Committee
instead of "p" and assuming 0.7 for the co-efficient, the formula would

have this form : p ^= 16,000 — 0.7 —

For comparison, this form of the formula, together with the formula
recommended by the Committee last year, and forms of the Gordon-
Rankin formula used in the American Bridge Company's specification:-^

/^n<1/T||i|||j||i.i.^|.m|rTTTTj- —
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and the Atchison, Topeka & Santa Fe Railway System specifications,

have been plotted and are shown on the accompanying diagram.

The formula recommended by the Committee has been cut short at

/ /

— =100 for main members and — =120 for lateral members to follow
y r

the practice of those who have used the straight-line formula for a

r.umber of years in their designing.

The formulas are numbered on the diagram as follows:

16,000

P
No. I—American Bridge Company's Specifications : i +

13,500?-

No. 2—Atchison, Topeka & Santa Fe Railway System Specifications

16,000

P
for pin connected members : i +

20,000 r
No. 3—The formula recommended bv the Committee last year,

_

/
_

"

/

but limited to — = 100 for main members and — = 120 for lateral

r r

I

members : 16,000— 70—

.

r

No. 4—A revision of the formula proposed by J. B. Johnson

:

16.OCO— 0.7—

.

A SYSTEM OF UNIFORM LIVE LOADS FOR RAILROAD
BRIDGES, AND A FORMULA FOR SHEARING

STRESS IN WEBS AND SPACING OF
STIFFENERS OF PLATE GIRDERS.

By A. W. BuEL, Associate Bridge Engineer. Western Pacific Railway

As a stibstitute for the system of live loads for railroad bridges

consisting of two typical engines, followed by a uniform load per foot

of track, the writer offers the following suggestion for discussion:

A live load per linear foot of track equal to

T

in which T, the index of the loading desired, iias a value equal to the

weight on each driving axle in pounds, and S is the length of the span

in feet.

The values of T, approximately corresponding to the usual loadings

of the Cooper series, are as follows

:
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T = 40,coo, for Cooper's E-40,

T = 45,000, for Cooper's E-45,

T = 50,000, for Cooper's E-50,

T = S5,coo, for Cooper's E-55.

The table submitted herewith gives the value of y/S -{- y/S for spans

from 10 to 500 feet, and the live load per foot of track for the T =
50,000 loading. This table also shows the equivalent uniform loads for

Cooper's E-50, for moment and shear, and the average, or mean, equiva-

lent loads of the two.

From this table it will be seen that while the loading proposed is

greater than the equivalent uniform load for moments of the Cooper

series, for spans from 10 to 120 ft. in length, by from 9.2 to 17.5 per

cent, it is only 2.0 per cent, greater for spans of 350 ft.

Compared with Cooper's equivalent load for shear, it is from 0.4

of one per cent, to 3.5 per cent, greater for spans from 40 to 80 ft.,

the higher value being for spans of 60 ft. For spans of 10 to 30 ft.,

it is from 7.6 to 2.0 per cent, less than Cooper's equivalent uniform load

for shear, and for spans of 90 to 120 ft. it is from 0.4 of one per cent,

to 3,.3 per cent. less. For a span of 350 ft. it is practically identical

for shear.

If we compare the proposed loading with the average of Cooper's

equivalent uniform loads fo

former, in per cent., is as

For a span o

For a span o

For a span o

For a span o

For a span o

For a span o

For a span

For a span o

For a span o

For a span

For a span o

For a span o

For a span o

both moment and shear, the excess of the

ollows

:

10 ft., 1.7 per cent, excess

20 ft., 0.8 per cent, excess

30 ft., 5.0 per cent, excess

40 ft., 8.0 per cent, excess

50 ft., 9.5 per cent, excess

60 ft., lo.o per cent, excess

70 ft., 8.6 per cent, excess

80 ft., 7.6 per cent, excess

00 ft., 6.9 per cent, excess

100 ft., 5.5 per cent, excess

no ft., 4.1 per cent, excess

120 ft., 2.5 per cent, excess

350 ft., i.o per cent, excess

While these excesses are considerable for spans up to no ft., they

are no more than the difference between the typical wheel loadings and

the probable actual loadings. Taking into account the close agreement

between the proposed loading and Cooper's equivalent uniform loads for

shear, and the fact that the material excesses, compared with Cooper's

equivalent uniform loads for moment, are confined to spans of 120 ft.

and under, it is not unreasonable to expect it to give satisfaction in

practice.

As most spans for which it gives excess moments would be plate

girders, for which, in the past, many roads have required that "no part
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TAHLK OK UNIFORM HVK LOADS I'KR

FROM 10 PKET
LIN'HAR FOOT OF
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TRAClv FOR Sl'ANS

Span
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Herewith is presented a diagram showing graphically several for-

mulas for shear in plate girder webs and spacing of stiffeners.

The Thacher-Rankine formula is Rankine's formula, with Thacher's

constants and with d measured horizontally or vertically instead of on

an angle of 45 degrees, and is, perhaps, one of the oldest, and has, pos-

sibly been more generally used than any of the others. This does not

include impact.

The Pennsylvania Railroad permits a maximum shearing stress on

net section of web plates, including impact, of 13,000 lbs. per sq. in.,

which does not seem unreasonable. The rule for the spacing of stiflF-

eners, however, has no relation to the allowed stress per sq. in., which

is constant, and, for the average values of — ,
permits a stress per sq.

inch about twice as great as that of any other specification illustrated

on the diagram.

Cooper's straight-line formula corresponds, very closely, with the

older formula—12,000 -^ I i H -„ I
,—for all values of -— from 40

\ ' 3,000/-/ /

to 100. The writer believes Cooper's formula! 10,000— 75 — lis, every-

thing considered, the best yet proposed where impact is not included.

With impact included, for which case it was not intended to apply.

Cooper's formula would give excessive webs and stiffeners, and should

be modified.

The formula recommended by the Committee of the American Rail-

way Engineering and Maintenance of Way Association—12,000— 40 —
—gives stififener spaces so much greater than either of the older for-

mulas most generally used, that its recommendation or adoption as

'standard" does not appear to be wise or conservative. It is better than

the purely empirical rule of the Pennsylvania Railroad, but the formula

13,000 -^ I I -1 T„ I was based on a rational theory, and Cooper's

formula gives nearly the same results and is more practical in applica-

tion. It is not clear why 12,000 is used as the base of the Committee's

formula, when 16,000 is the base for both tension and compression.

The formula here proposed—i6,oco— 100 -^ —has been tentatively

adopted by the Western Maryland Railroad and the Western Pacific

Railway. It starts with the same base of 16,000 lbs. per sq. in., as is

used for tension and compression, and includes impact, the same as the

Committee's formula.

It is reduced by 100 —, so that for -^=30, the allowed stress is

13,000 lbs. per sq. in., at which point it crosses the empirical line of the

Pennsylvania Railroad. For values of under 30, no good reason is

apparent why the higher stress per square inch should not be permitted,

especially as impact is included in the total stress.
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MINORITY REPORT.

To the Members of the American Railway Enginecrir.g and Maintenance

of Way Association:

We, the undersigned, minority members of the Committee, join in

the approval of the preceding specifications, with the following excep-

tions :

(i) We cannot approve the impact formula as submitted, involving

the use of a single unit stress for both static and live loads.

The method of proportioning bridges, which was based on the

assumption that the moving load has twice the effect on a structure of

an equal amount of static load is so generally in use by prominent engi-

neers that it is to our minds unreasonable to infer that it is incorrect

and bad practice.

The impact formula proposed by the majority members, before being

adopted finally and promulgated to the profession as the only one worthy

of use, should be either mathematically or experimentally proven. This

we claim has not been done, and it certainly has not been done to our

satisfaction at least.

The proposed formula does not adequately account for the effect

of heavy static loads involved by the use of ballasted floors, or other

causes.

(2) The specifications do not directly state what the live loading

for each track shall be in the case of double-track bridges.

(3) We do not approve the proposed method of deterniining when

stiffeners on plate girders shall be used, and their spacing when used.

The minority members feel that the question of impact should be

given the same consideration as other disputed points, some of which

are of at least no greater importance.

The specifications as above written provide for the use of either

concentrated or uniform live loads ; they permit the use of plain punched

;

punched and reamed, or drilled work, at the option of the engineer ; they

recognize the use of both pin-connected and riveted work, with no

qualification as to limiting length of span. Girders may be proportioned

either by the moment of inertia of their sections or by assuming that

the flange areas are concentrated at their centers of gravity.

216
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In view of the recognition of the necessity for the exercise of indi-

vidual preference in the foregoing instances, it seems to the undersigned

a matter of common justice and fairness that the important impact ques-

tion be not made more narrow and binding than those just mentioned.

We further believe that the very commonly used method involving

unit stresses on a sliding scale for varying proportions of live and static

load be recognized in the specification along with and of equal prominence

with the method approved by the majority.

The undersigned have no impact formula to recommend as a body.

We believe that the impact question is one which should not be settled

c.t the present time. The Committee itself, as a whole, is prepared to

recommend to the Association the carrying out of impact tests, and this

in itself is proof that although a recommendation has been made for an

impact formula, the question is still unsettled, even in the minds of the

Committee.

The minority members urge that these tests ought to be made and

believe that a reasonable impact formula can be determined from such

experiments. Whatever may be the result of these tests, no pre-con-

ceived notions will stand in the way of our approval, providing always

that they be made properly, and not with an idea of substantiating a

pre-determined formula.

We, the undersigned, suggest that the specifications be returned to

the Committee with instructions that clauses providing for the use

of unit stresses proportional to the relative amounts of live and static

loads be added, and that such additional clauses be given equal promi-

nence in the specifications with the present one.

Respectfully submitted,

C. D. PuRDON, Engineer Maintenance of Way, St. Louis & San Erancisco

Railroad, St. Louis, Mo.

A. F. Robinson, Bridge Engineer, Atchison, Topeka & Santa Fe Railway

System, Chicago, 111.

C. H. Cartlidge, Bridge Engineer, Chicago, Burlington & Quincy Railway,

Chicago, 111.



DISCUSSION.

Mr. C. H. Cartlidge (Chicago, Burlington & Quincy—by letter) :

—

The writer being in the position of dissent from the finding of the

majority of the Committee, desires to explain that his dissent applies

only to the portion under the heading "Live Loads and Unit Strains."

So strong is his belief, however, that there is a considerable number of

engineers in the Association who are not entirely satisfied with the impact

formula advocated in the Committee report, that he ventures to lay before

the members of the Association a statement of his reasons for dissent.

The writer believes that the Schneider formula for impact is really

only another form of the long-used provision for the dynamic effect of

moving loads, and the dimensions of bridges resulting from its use are

not materially different from those resulting from the specifications of a

majority of the more prominent roads. The writer believes, moreover,

that there is a difference between impact and the dynam.ic effect of

moving trains, terms which are generally used interchangeably.

Under the Schneider formula, the live load is, theoretically, reduced

to a static load, and this is a very elegant provision for the movmg
load effect. The omission of any provision for the true impact, or

"hammer blow" of the drivers, seems erroneous.

It is well-known that the large majority of locomotives are necessarily

so counterbalanced that at anything above moderate speeds there is, at

each revolution of the driving wheel, an increase and subtraction from its

total load on the rail. This amounts in certain engines to from thirty

to forty per cent., and exists as an actual load, in addition to the dead

weight on the driving wheels. This should be taken account of quite as

much as the static weight of the wheel.

This impact effect does not exist on both rails of the track at the

same time, though the alternations are very rapid at high speeds. It will

readily be seen that the members nearest the rail will be most affected

by this impact and that it will travel to the various members in about the

following order : First to the rails, then the ties, stringers, floorbeams

and truss members ; a part of its effect being gradually absorbed by the

mass of the structure, and by the elasticity of the material composing it.

In order to represent this action, the writer proposes to impose upon

each driver, on one rail only, an allowance of fifty per cent, of its static

weight; this allowance to be known as "Impact" and this impact to be

treated as an additional load, and moved with the driving wheels to

produce the greatest effect on members under consideration.

The increase to fifty per cent, from the thirty to forty per cent.

2l8
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mentioned is suggested because of the unknown quantities involved by

the roughness of track and the rolHng and nosing of heavy engines.

The live and static loads having been adopted, and their strains

computed, such unit strains should be employed as will allow for the

varying proportions of static to live load strains.

The writer believes that it is impossible to design bridges with a

single unit strain for dead and live loads, and design them consistently.

The effect of a moving load, due to its sudden application, is commonly

believed to be twice as great in magnitude as its static effect.

It seems most rational to the writer to take into account all the

effects of moving loads as far as they can be estimated and for resulting

strains employ a unit strain of half what is deemed safe for static strains.

This process will involve very little labor of computation, and resulting

strains are what they seem to be on the strain sheet.

This will no doubt seem a harking back to old methods, but, when

the various types of structures to be designed are considered, some having

extremely heavy ballasted floors, and some having none, but carrying the

rails directly on the steel work, it is evident that those having the

heavier dead load should be allowed to undergo greater unit strains.

The typical loading proposed by the Committee is entirely adequate,

but I propose that for impact allowance there be added to each driver,

on one side of one engine, fifty per cent, of its weight. The computations

resulting from this may appear somewhat complicated at first, but they

are not so, and anyone who has had to deal with concentrated load systems

will readily devise short and quick methods of taking care of this

impact allowance.

It is to be hoped that, although there be no proof of the correctness

of the writer's position in this matter, this may lead to further and

fuller discussion of a really important question by the members of the

Association, and that the Association as a whole v/ill not commit itself

to any impact formula based on insufficient data.

It is also hoped that all members who are not disposed to agree

with the majority of the Committee will discuss the question either by

letter or orally in the convention.

Mr. Ralph Modjeski (Consulting Engineer—by letter) :—I desire to

make some remarks on the General Specifications for Steel Railroad

Bridges of 1905 prepared by the Committee on Iron and Steel Structures.

Paragraph 10: It would be desirable to introduce some formula to

provide for the effect of unbalanced locomotives on short spans. This

effect is sometimes sufficiently great to bend the rails and therefore

cannot be neglected in designing bridges.

Paragraph 19: There is considerable doubt in my mind as to

whether there should be a difference made between the unit strains

allowed for shop and field rivets. A hand-driven shop rivet may be

a great deal worse than a field rivet driven with an air hammer. There

seems to be no difference between field rivets and shop rivets when
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both kinds are driven with a pneumatic hammer. If the same unit were

adopted in the specifications restricting, perhaps, somewhat the field

riveting to insure better workmanship, it would simplify the calculations

considerably, besides there may be cases where a shop riveted connection

is gradually replaced by field rivets as the former become loose, in which

case the number of rivets would not be sufficient under the specifications.

Paragraph 21 : I believe that the requirement for provision for

alternate strains is a good one, except that I would suggest some manner

of transition between the cases where only the largest section is taken

and those where total sections of area for both alternate stresses are

taken ; for instance, taking a stiff diagonal next to the center panel,

under these specifications it would be uncertain whether only the section

giving the largest strain should be taken or whether the member
should be proportioned for a total sectional area equal to the sum of

areas required for each strain. There is some uncertainty about the

expression "if the alternate strains occur in imtnediate succession."

Paragraph 2ii
' "When these ratios are decreased proper increase

shall be made to the flange sections." It does not seem clear to me
what the "proper" increase would be.

Paragraph 34: It would seem impossible to comply with this re-

quirement in case of closely packed eyebar heads, for instance.

Paragraph 39: I think it objectionable to use thinner metal than

j-^-in. in railroad bridges, except for fillers. I believe a proper specifica-

tion would be for bridges designed for Cooper's E-50 loading to stipulate

that material shall be 7,;-in. thick for all parts carrying calculated strain

and ^-in. for other parts.

Paragraph 43 :
' There should be a limitation to the length of rivets

driven either by hand or by pneumatic hammer. This length should be

shorter than the length allov/ed for rivets driven by direct power.

Paragraph 45: I see no objection to using cover plates as thin as

sV or even eV of the distance between rivet lines provided the entire

section of these cover plates is not figured as part of the working area.

Paragraph 47 : I found the following rule a good one to use in

determining the length of tie-plates or compression members : The

tie-plates and the rivets connecting them to the webs .should be sufficiently

strong to transmit one-half of the strain of the entire member from one

web to the other. I offer this as a suggestion and think a similar rule

CO-. Id be formulated to make the tie-plate question more definite.

Paragraph 48: As the specifications are for railroad bridges only I

would suggest barring out -^^-in. rivets entirely. In fact, it would be still

better to adhere to J^-in. rivets as a minimum, barring out ^4-in. rivets as

well. There is a good deal of room for study and experiment as to

the lattice bars. I think that there is generally a great deal of metal

wasted in lattice liars liecause we lack the necessary data, and having

to go by precedent only we wish to be on the safe side.

Paragraph 63: I would suggest using nothing less than 6-in. and

preferably 9-in. rollers.
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Paragraph 69 : I would suggest that all wall plates be set on rust

cement, as it is impossible to determine in all cases whether they get

full bearing when placed directly on masonry. I do not favor the use of

Portland cement mortar for that purpose.

Paragraph 91 : I have on previous occasions expressed my objections

to dropping out the requirement for the yield point or elastic limit. I

see no use in recording it if it is not to be used as a requirement. I have

also expressed my objections to the quality of steel specified. The steel

which I use in my work has an ultimate strength of 6.-2,000 to 70,000 fts.

and an elastic limit of not less than 37,000 fts. In work specified recently

for the Columbia River bridge the ultimate strength will be 62,000 to

70,000 lbs. and elastic limit not less than 35,000 fbs. and the cold specimens

will be bent as follows

:

Up to and including ^-in. in thickness bend 180 degrees flat.

From 54 to I in. bend 180 degrees around a pin of a diameter equal

to one-half the thickness of the piece bent.

One inch and over bend around a pin of a diameter equal to three-

fourths of the thickness of the piece.

I am of the opinion that the specification as prepared by the Com-
mittee provides for an inferior grade of steel, the unfortunate argurruiiit

having been used that it is the natural product of the mill. The pig-iron

is still a more natural product of the furnaces, and still we would not use

it for bridge work.

Paragraph 102: This requirement is entirely too easy to comply

with, especially if the low grade of steel as called for in the Committee's

specifications is used. This requirement should be 180 degrees flat.

From experience I know that this can be obtained without much difficulty.

Paragraph 122: I am strongly in favor of reaming of all material,

or if soft metal be used, of punching of all material, but there are objec-

tions to having some holes reamed and other holes punched on the same

work. An exception to this might be made in the case of lattice bars.

Paragraph 138 : I would suggest to strike out "wherever possible,"

as I think the work should be designed in such a manner as to make

this always possible.

Paragraph 139 : I would change the word "5-in." to "6-in."

Paragraph 141 : In my experience 10 per cent, of excess of field

rivets is not sufficient, and I always specify 20 per cent.

Paragraph 146: In accordance with my previous suggestion as to

placing of the wall plates on masonr}^, it seems preferable to leave the

castings with a rough bottom instead of planing them.

Paragraph 150: Even in reamed work I do not consider the planing

off of shearing edges essential except in working sections.

Paragraph 158: The coating of finished surfaces seems to me should

not apply to milled or faced ends of stringers, floor beams and com-

pression members. This paragraph could possibly be modified as follows

:
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"Machine finished surfaces, except ends of riveted members, shall be

coated, etc."

Paragraph 164 : I do not know what amendment will be presented

at the next convention, but as the requirements for full-sized tests stand

now they seem very deficient as far as the eyebars are concerned. It is

essential to test full-sized eyebars because of the various manipulations

to which they are subjected.

In response to an invitation from a member of the Committee, Mr.

Theodore Cooper, Consulting Engineer, New York, N. Y., furnishes

the following comments

:

Your letter of inquiry is very opportune, as I am now preparing a

new edition of my Railroad Bridge Specifications,.

Impact Formulas : Some thirty years ago I became much inter-

ested in the subject of dynamic deflection of girders and studied the

tests made by the Parliamentary Commission (about 60 years ago)

and all the later tests made in France and Germany, with all the theo-

retical discussions thereon, and have kept a general watch on all actual

tests made from time to time. In addition, I have had opportunities for

some personal observations. My general conclusions are that, as long

as the train stays on the track, the worst impacts are due to, first,

bad rail joints; second, to the jump of the rolling-stock at the entrance

of a bridge, due to change in elasticity of the roadbed (hence a great

demand for an end-floor beam instead of resting any part on the rigid

abutment walls).

Of course, unbalanced rolling-stock, flat or imperfect wheels, etc.,

act to increase the loads, but the most important impact outweighing

all the others is the impact due to a derailed engine or train.

The early American bridge builders, to provide for this, adopted the

rule of using twice as great a factor for the live as for the dead load.

Now, while I do not believe a moving load has twice the effect of

a dead load, I do consider this old rule, which certainly has done

us good service, clearer of comprehension and better suited to the

purpose than the formula you mention.

Common Specifications : I do not believe it desirable or possible

to get up one common specification. Dift'erent experiences and special

studies of existing work frequently bring out new requirements that

may appear useless or unnecessary to others. For unity of ideas and

harmonious agreement, there must be sacrifices and compromises. I

never could accept the idea, now so prevalent, that a majority vote

can settle intelligently any scientific question of difference of view. Ad-

vancement in any branch of human knowledge must stop, if, like the

trade-union idea, the views and desires of the majority are to be the

limitations.

That tlie more experienced Bridge Engineers could reduce their

specifications nearer to a common basis is no doubt possible, each,
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however, holding to their own on all points where they could not agree.

This is what Mr. C. C. Schneider and I did in 1901.

I have stated for some years that if the two associations could

get up a common specification for materials (I assumed it would be

up to the best practice of the day) I would insert it in my next edition.

The weakness of my eyes for some months past has prevented
me from keeping in touch with the action of these associations, but

recently I have examined their conclusions somewhat critically, and
was extremely disappointed. I should be stultifying my whole expe-
rience and career by adopting the material they have selected. I have
handled and worked the commonest and best wrought-iron, the hardest

of crucible steel (St. Louis Bridge) and in 1880 ("Use of Steel for

Bridges," Am. Soc. C. E. Proceedings) took a stand against the use

of high steel and in favor of the steel that has become known as

"medium steel."

For years this material has been largely used, and I personally

have never had any difficulty in getting it, without friction.

That there are, in the execution of any work, certain occasions

when the engineer must use his professional experience and common-
sense to determine after consideration of the facts whether he can
avoid taking the "pound of flesh" or not without detriment to the

work, only emphasizes the necessity of the engineer having the above
qualities. No specification, however lenient, can obviate the necessity

for experience and common-sense.

It has appeared to me that, behind the general desire for a common
specification, there are two especially dangerous features, tending to

degrade all the standards : First—For unanimity, it will be necessary

to lower the standards so that the poorer or less progressive manu-

facturers can be placated. Second—Lower the standards, so the per-

functory inspector or inexperienced engineer will not be bothered to

use any judgment.

I have been subject to much correspondence in the past from those

apparently having work, under my specifications, asking the most ele-

mentary questions or seeking a determination of some simple question,

requiring a minimum amount of common-sense. No specification at all

is the only thing that would relieve such cases.

Low Steel : I cannot accept or advise the acceptance of this mate-

rial as the final outcome of our experience with structural steel. It

is unfit for eye-bars, and is no more suitable for other work than

medium steel. I have been in favor, if it was possible, of establishing

one grade of structural material, but only on the assumption that the

best and not the poorest would be selected.

Some years ago, at the request of certain manufacturers of soft

steel, which was unquestionably better than iron, I inserted a clause for

soft steel in my specifications with lower allowed strains than for
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medium steel. If I in.sert the low steel of the associations, it must be

with a reduction of ten per cent, in the allowed strains.

In important structures, the Bridge Engineer could not accept this

material, when the demands are all for higher material and when wc

are looking hopefully forward to the possible nickel or other high-class

material for the great spans of the future.

It is pretty clear to my mind that the bridges of the future must

be better, not poorer, than we have been getting. Due weight should

be given by the younger members of our profession to this fact, viz.,

much of the incompetency and ignorance shown in much of the bridge

work of the past has been hidden under the excuse that the defects

were due to the rapidly increasing train loads.

Now that we have reached a point where the maximum train load

will never be surpassed, errors in design, material or workmanship must

come squarely back to the responsible engineer.

It may temporarily appear best to the greater number to lower the

standards, but in my opinion it is a grave error.

Mr. R. G. Manning (American Bridge Company—by letter) :—I note

that the specifications for steel railway bridges have not been formally

adopted and are subject to revision at the convention in March, igo6.

I wish to sa}' that on the whole these specifications are practical, clear and

definite, and will probably become quite universal in their use, but would

like to ofifer a few suggestions which may be considered if desired.

Having had several years' experience in the manufacture and detailing

of bridges, and coming in contact with many specifications and inspectors,

I find there are a few points which are always raised when it comes

to carrying out the work, and which are usually settled in about the same

way, and it would seem that if specifications eliminated these points it

would save considerable annoyance and trouble. Some of the points are

as follows

:

Paragraph 35 provides for satisfactory drain holes for pockets or

depressions which will hold water, or they shall be filled with acceptable

waterproof material. I do not believe it is possible to provide satisfactory

drain holes, as they soon fill up and do not perform their duty. Would

it not be better to omit this clause and specify the pockets to be filled

with acceptable waterproof material to be furnished by the railroad

company?

Paragraph 82 calls for the spacing of rivets and stififeners not to

exceed 5 in. This will make it difficult for most modern shops where

multiple punches are used. The spacing of tlie rivets in the end stififeners

and at floor beam connections is usually made 3-in., and for the inter-

mediate stiffeners every other rivet is omitted, leaving the rivets 6-in.

spacing and the rivets in horizontal lines throughout the web, which is

necessary for the use of the multiple punch. The 5-in. spacing will make
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it impossible to use the multiple punch for most webs where stifteners

occur. This limit should be made not to exceed 6 in.

Under paragraphs 122, 150 and 151 it seems confusion will arise on

account of the indefiniteness of whether general reaming will be required

b\' the specifications. Many engineers will simply call for their work to

be done in accordance with this specification. Would it not be better

if paragraph 122 were made to cover the reaming as would be used under

the ordinary class of work, and not say anything about the general ream-

ing ; then under a heading something like this : "Additional Specifica-

tions for Reaming," there specify that if additional requirements are

desired for reaming and planing other than that called for by the general

specifications, the plans and invitations must state just what is desired,

so that it will be perfectly definite what is required unless special men-

tion is made of it.

Under the heading of "General Reaming" this specification would

require everything even to the minor details to be reamed. Even where

this is called for and the matter is taken up, the minor details are

invariably waived.

I have also found that the specifications for sheared edges, as called

for in your paragraph 150, causes considerable confusion. Your specifica-

tion would require the ends of all small details, such as hitch angles,

lateral plates, tie-plates, fillers, ends of lateral angles and many other

parts to be planed where it is not usually intended. These are points also

which are usually waived when the question is taken up.

The question of planed edges dees not mean much after you

eliminate that which is done in the ordinary practice of first-class work
to-day, viz. : Ends of all chord sections are milled, ends of all floor beams
and stringers are usually milled, and when these are taken out, the

important- members are taken care of except perhaps web plates. Ordi-

narily web plates have a large edge distance, say 2 in. or more, and do

not really necessitate planing and it is seldom required. This leaves the

planing, so far as important parts are concerned, to a very few pieces, or

where it is required in gusset plates and the like for appearances. We
believe the best results would be obtained if a clause for planing the

sheared edges would be something like this : "Sheared edges will be

required to be planed only when called for on the plans submitted."

My thought in the above is that when this workmanship will be

required the case will be special and the engineer in charge will know
v.-hat he desires and why, and can easily call for it. This is also true of

the general reaming.

Paragraph 129 is also indefinite as to the milling of beams and
stringers. For built up stringers in this class of work, the ends are

either milled to exact length before connection angles are put on, and

this milled edge used as a surface to fit the connecting angles to, or

they are milled after the connection angles are riveted on. This is

especially true of stringers. Why not call for the stringers and floor

15
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beams to be milled to length and give the option to the shop as to which

way they will do it?

Under paragraph 134 a clause covering the usual practice in the

tension chord splice of riveted trusses should be added, viz. : "In

splicing tension members where a part of the main section is extended

to form a part of the splice, making it impossible to mill the member

after it is riveted up, an opening not to exceed ^-in. will be allowed

st the joint."

Paragraph 135 calls for floor girder connections to be reamed to iron

templets. This part is all right, as the floor beam connections are usually

reamed to an iron templet. The rest of the paragraph would call for

assembling of the work in the shop, which in many cases is impossible

and seldom required and it is not necessary. Chord sections are usually

assembled, reamed and match-marked. Lateral connections and minor

details where connections are short, hardly require it.

The connection of diagonals in riveted work is a little more important

but all that is necessary and usually required, is to apply wooden

templets to both connections to see that the holes match. We believe a

paragraph which states just what is wanted and yet conforms to the

general practice, would be more satisfactory, viz. : "Floor connections

reamed to iron templet, chord section assembled, match-marked and

reamed in place. Main diagonal connections reamed to templet and

templet applied to satisfy the inspector that the workmanship is first

class. Lateral connections and minor field connections merely checked

up by the inspector."

My thought in these suggestions is to make a specification which,

when it is referred to without any qualifying clauses, will be perfectly

clear as to what is required in every detail. If anything more is desired

by the customer, have him specify it in his tender for the work, which

will make the entire specification clear and complete. These additional

requirements can be embodied in the specification in such a way that

they will not be a part of the specification unless specifically referred

to. Most of the general specifications try to cover everything that is

likely to be required for the most complex case, and the result is that

there are always a number of indefinite points unsettled for nearly every

order, even where the plans submitted call for what is desired, and should

the general specifications require more than the customer intended the

inspector will always question these points, which may not be brought

up until the work is at such a stage in the shop that it must be stopped

until these points are settled. In most of these cases the manufacturer

clearly understands what is desired but must stop to settle the point, and

in my years of experience it is usually settled according to the interpreta-

tion of the manufacturer.

When we put drawings into the shop we aim to so specify everything

that there can no question arise in the minds of the shopmen as to the

interpretation of the plans. You have nearly attained this point in your
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specification, and it is possible to make it still more complete in this

respect by making a few alterations as suggested above, although I have

not attempted to cover all the points and have taken up the questions

relating to the shop work and shop drawings only.

A clause in the specification which would say that the work should

be manufactured in the shop in accordance with the approved plans,

and where the specifications thereon differed from the general specifica-

tions the plans should be followed, would avoid many difficulties. The

only thing the shop has to govern its work is the plans, and they should

have everything on them pertaining to the specifications which refer to

the shop work, in order to carry out the intent of the specification.

I hope I have made myself clear as to the intent of the suggestions

and trust I will be pardoned for making them, but my experience and

practice in this respect may be of use to the Committee, and I write this

mainly to help to get the best results possible.

O. E. Selby (Bridge Engineer Cleveland,- Cincinnati, Chicago & St.

Louis Railway—by letter) :—As a somewhat belated response to the

Committee's circular letter of October 4, 1905, asking for expressions of

opinion on different Clauses of the specifications for steel railroad

bridges, the writer wishes to present some comparisons of impact formulas

and unit stresses, bearing on clauses 10, 16 and I7- Pressure of work

has prevented getting the data for this together sooner, but it may be

of interest still.

Practically all specifications recognize and take into account the dif-

ferences between fixed and moving loads, and by means of impact

formulas or variable unit stresses, or both, attempt to provide against

the greater destructive effects of the moving loads. Moving loads differ

from fixed loads in their effects on a structure in two distinct ways: first,

by reason of their more or less frequent application and removal, and,

second, by reason of their more or less sudden application and removal.

A fixed load slightly less than the elastic limit will not produce permanent

set, but a load slightly more than half the elastic limit, if applied in-

stantaneously, would produce permanent set. Again a load slightly below

the elastic limit, if applied and removed frequently, will produce

permanent set, and a load very much below the elastic limit, if applied and

removed a very great number of times, no matter how gradually, will

produce permanent set.

A load applied to a railroad bridge by a moving train is not applied

instantaneously—far from it—but is applied more or less suddenly, de-

pending on the speed of the train and the distance which it has to travel

from the time when a member begins to receive its load until it receives

its maximum load.

This suddenness of application is properly provided for by adding

to the live-load stresses a percentage for impact depending on the length

traveled by the load in producing the maximum stress. \\''hat this per-

centage should be is a disputed question, because there seem to be no

experimental facts which determine it.



228 IRON AND STEEL STRUCTURES.

The so-called fatigue of metal caused by frequency of application is

properly provided for by allowing lower unit stresses for live than for

dead loads. How much the difference should be is also a disputed

question, but on the assumption that a load equal to half the elastic limit,

if applied an infinite number of times, would produce tlie same effect as

a. quiescent load equal to the elastic limit, and it seems rational and safe

to allow only one-half as high unit stresses for live loads as for dead

loads.

Now, here are two distinct and separate effects which should be taken

care of in two separate ways.

Cooper's specifications allow for the fatigue by doubling the unit

stress for dead load, but make no allowance for impact. Other specifica-

tions allow for impact by some rule or other, but ignore the fatigue.

The Committee's specification, by use of a constant (and high) unit

stress with an impact formula which for moderate span lengths nearly

doubles the live load stresses (or halves the unit stresses), attempts to

combine the two allowances in one operation.

The road with which the writer is connected uses an impact formula

10

(I= S ) which gives moderate additions, and seems rational

L + ID

and sufficient when strictly impact is considered. The fatigue is taken

care of by allowing, only half as great unit stresses for live as for dead

loads.

The proof of the value of the diff'erent practices is in the results,

and in order to compute results I have prepared the following table which

shows for the different formulas the comparative results in the propor-

tions of the flanges of girders and truss spans of various lengths from

6 ft. to 300 ft. The tabular quantities given in columns 4, 5, 6, 7 and 8

are those obtained by dividing the total center bending moments plus

impact percentage, if any, by the allowed unit stress. The quantities in

the different columns are strictly comparable, as they have only to be

divided by the effective depth to give the required tension fllange area.

Column 2 gives the assumed dead load per foot for one girder used

with all formulas in the table. Column 3 gives the center bending

moments for Cooper's loading E-60, which is used for the live-load

stresses for all except column 7. Column 4 contains the results by

10

Big Four practice, using the impact formula I= S , with a unit

L-f 10

stress of 10,000 lbs. for live load and 20,000 lbs. for dead load, the area

required being most conveniently determined by adding to the live-load

stress one-half of the dead-load stress and dividing by the unit 10,000.

Column 5 contains the results from the Committee's specification ; the

300

formula for impact being I= S and the unit stress for both live

L + 300
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and dead load bejng 16,000. Column 6 gives the results from using the

L
impact formula I= L , in which L = live load and D = dead load,

L + D
together with a unit stress of 16,000 lbs. This formula depends on the

relative proportions of live and dead load and onlj'' indirectly on the

length of span.

In this case the live load (Cooper's E-50) used by the road employ-

ing the formula has been increased 20 per cent, to compare with that used

in the other colunnis. The results are surprisingly close to those obtained

in column 5 from the Committee's formula.

Column 7 is based on the specifications of a prominent system, in-

creasing, however, their specified loading 20 per cent, to correspond with

the E-60 loading used for the others. In this case there is no addition

for impact, but the unit stress is variable and depends on the relative

proportions of live and dead load. Colunm 8 gives the practice of another

prominent Western system also raised 20 per cent, to compare with

column 4 using the E-60 loading. In this case no impact is added and

the unit stress is variable between 8,000 and 9,000 for different span

lengths. The comparison for this road was not carried beyond 100 ft.

spans because the writer has no information as to the unit stresses used

above that length. If this variation of unit stress were extended below

20 ft. and above 100 ft. at the same rate of variation it would amount to

620— L
using the impact formula I^S with the constant unit stress

620 -f L
15,500. This impact formula is the same as the "300" formula for a 20-ft.

span and reduces to zero for a 600-ft. span.

Columns 9, 10, 11 and 12 contain the differences and percentages of

difference between the quantities in column 4 and those in columns

5, 6, 7 and 8. Where the quantities in column 4 are smaller than those

compared with, the differences are marked minus.

The most noticeable result of inspection of columns 9, 10, 11 and 12

is the very large excess of column 4 for short spans of say 30 ft. and

under. These comparisons are for bending moments and flange sections,

but a similar comparison for shears gave results in percentages so nearly

identical with these that it was not thought necessary to repeat the table.

This means that for short spans I-beams, floor-system counter.s, etc.,

designing by the specifications used in column 4 would give heavier

results where strength and mass are desirable. The conspicuous defect

in the old methods of dimensioning is the light and weak floor systems

produced by them. This is constantly evident to one who has to do with

figuring old structures for modern loads.

In practically all cases the excessive stresses which condemn a struc-

ture occur in the floor beams, stringers, hip verticals or counters, and

many girders and trusses which are in themselves strong enough have to

go because of these weak details. Therefore it seems important to design
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new structures so as to avoid this, and that is certainly attained by using

the formula of column 4. Compared with the Ccramittee's formula the

results for spans under 45 ft. are from nothing to 30 per cent, heavier

and the increase varies uniformly as the spans become shorter, and the

hammer effect of the load becomes greater. Above 45 ft. the results of

the two formulas are remarkably close together, those from column 4

being uniformly a little lower (maximum 2j^ per cent.) and giving, to

that extent, economy of weight in the long spans.

The formula of column 6 gives, as before remarked, substantially the

same results as the Committee's formula for spans below 50 ft., and above

that length the variation does not exceed 5 per cent., and that variation

is in the direction of less economy in weight for the formula of column 6.

Other things being equal, the labor of applying this formula should dis-

courage its use.

The differences between column 4 and column 7 are very great and

they show that floor systems designed by the method of column 7 would

have all the defects of lightness found with the old methods of designing.

The writer cannot believe but that in actual practice with the road

in question considerable additions not shown in their printed specifications

are made to the- .sections, otherwise here are two systems in the same

territorj-, one of which would use for a 20-ft. panel in a through truss

span a stringer with twice the flange area that the other would use.

This is too wide a variation in practice and one or the other must be

wrong.

The rapidly diminishing scale of percentages in column 11 shows the

very great lack of economy in the use of the formulas of column 7 for

long spans, as well as the lack of mass for short spans. With improved

manufacture and imiformit)- of steel we can with increasing confidence

use higher unit stresses for quiescent loads in long spans which have

mass enough not to be disturbed by the moving loads. In long spans the

dead load predominates and economy in weight being important, it is

most easily obtained by using as high unit stresses for dead load as may
be consistent. Recent practice tends in that direction. To point to an

extreme case, note the high unit stresses used in the Quebec bridge.

The results in column 8 agree quite closely with the Committee's

formula up to 40-ft. sp?ns. Above that they become increasingly heavier.

While the results from the "300" formula (aside from the lightness

in short panels) seem to be uniform and good practice, the writer is

convinced that this is empirical rather than derived from reasoning, and

is aware that so well-established a formula will require more than argu-

ment to discredit it, but an impact formula which is also trying to fill the

place of a fatigue formula is being over-worked.

For a 300-ft. span the "300" formula gives an addition of 50 per cent.,

which ought to be taken to indicate that the dynamic effect, of the moving

load is half that of a load applied with infinite quickness. Now, a freight

train of ma.Kimum weight moving at 40 miles per hour requires five

seconds to coyer a 300-ft, span, and this is far from 50 per cent, of
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instantaneousness. Again for a 20-ft. span this formula assumes a de-

structive effect 94 per cent, of that of an instantaneously applied load.

What few experimental data there are indicate that ordinary moving

loads produce no such effect as this, and the formula simply disguises a

reduction of unit stress on account of frequency of application by calling

it an addition for impact.

The convenience of designing by the formulas of column 4 is great.

It is only necessary to add together the live load and half the dead-load

stresses in thousands of pounds, then the pointing off of one decimal

place gives at once the area required for tension members or the required

section modulus for beams. For compression members proportioned by

the Gordon formulas it is very easy to take one-fifth of the tabular

quantity given for the ratio — in the handbooks under the head "ultimate

strength of columns—medium steel."

The inconsistency of the "300" formula becomes apparent when an at-

tempt is made to use it in figuring old structures or designing new ones

for low speed points where it is desired to reduce the impact allowance.

The high live-load unit stress requires the large impact allowance to go

with it to make its use safe, and if the impact allowance is much reduced

or omitted the unit stress becomes too high.

With the "10" formula the impact allowance may be reduced or done

away with and the io,ooo-lb. unit stress remains safe for live load, no

matter how frequently applied.

For figuring old structures for actual existing loads it is most simple

to add impact by the "ro" formula and then rule out structures which

show unit stresses greater than twice those specified for new structures.

The safety of this rule has been demonstrated by some years of use.

R. D. Coombs (Bangor & Aroostook—by letter) :—Recommended
practice in contracting, etc., paragraph 5, Bulletin 71.

While it is preferable that the railroad company furnish the fioor tim-

ber, it is not evident to the writer that they should necessarily lay the floor.

In many cases the bridge crew could handle floor timber along with

the steel work with a minimum of handling. The character of work

obtained should be merely a matter of standards and inspection.

2. I'he writer thinks it is within the province of the Committee

to reconcile the different clearance diagrams in regard to their lower

corners. This portion of the diagram is not covered by the clause given.

Cooper's 1901 Specifications, if adhered to, requires unnecessarily

wide through-plate girder spans, while the diagrams allowed by many
roads would not permit the passage of certain makes of snow plow.

Though the use of snow plows is not general, the increasing clearance

needed for modern cars and their steps demands some attention.

4. The writer would insert the word "generally" after "shall," as

under this clause it would be impossible to obtain a satisfactory design

for shallow bridges of great skew on account of the increased span.
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Pars. 5, 9, and 15 to 19 (also 10, which seems to inchide wind and

\ibration). Apparently the Committee use a large impact and then a

high unit stress to offset it. It would appear to the writer more logical

to fix the working unit stress at a certain fraction (approximately one-

third) of the elastic limit, and then give the most accurate values possible

to all loadings. It seems reasonable to consider that the low unit as-

sumed above will cover the fatigue of the metal; or the unit stress

could be increased and a fatigue formula added.

31. Would it not be more in accordance with the facts to insert

the word "possible" after "parts?" Lower chord eyebar heads and the

interior of some panel points in riveted truss spans can hardly be called

accessible, though existant under most specifications.

32. The writer would add "or both, as may be required."

It is better for the railroad company to fill such pockets as column

footings with concrete, the drain holes being useful during shipment or

storage.

36. It seems that i'\-in. material need not be forbidden in details of

minor parts. Such material seems to the writer more consistent for

battens and lattice bars of bracing struts than ^Is-in., particularly when
the main section of such member is, as is often the case, composed of

f^-in. material. The weight of details on bracing struts is relatively

too great.

41. Close spacing for twice the maximum width would be preferable,

as this distance is small compared to the length of member, and there is

no provision made for attaching outstanding legs.

44. In main members the end tie plates should have a length not

less than the greatest width of the members, and intermediate ones not

less than one-half this distance. If the governing distance were that

between rivet lines, when the angles or channels were turned in, or the

member were relatively narrow, the resultant battens would be too small.

49. The writer thinks that, generally, if not univers.^Ily, splices should

be fully riveted, as the saving in weight does not usually justify introducing

a weak spot. Further, this would put a decided premium on exact

bearings which is not always justified by results.

58. Spans of less than 80 ft, perhaps less than 70 ft., should have

pin, or equivalent bearings, whether rollers are used or not, in order

to properly distribute the load to the substructure.

60. The writer would prefer 4 in. or 4^ in. round rollers for spans

of moderate length, to segmental rollers of 6 in. or more, and would

suggest amending this clause as follows; "Expansion rollers shall be

not less than 4 in. in diameter, or segmental rollers of 6 in., or over,

may be used as required." There is some doubt whether the segmental

bearings roll more than the round ones are popularly supposed to do.

While it is no argument, the writer has seen segmental rollers erected

in winter in the fully expanded position.

Pars. 66 and 126. It would, perhaps, be well to specify that t.he

connection angles should not be less than 7-16-in. thick "after nulling."
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92. In order to obtain an accurate estimate of the material as it

actually enters the structure, it would appear desirable to make tests

not only on f^-in. and 54-i"- thickness from one melt, but also when
the kind of shape varies or the size of the same shape varies very

considerably.

93. If material less than J^-in. can only be used for fillers and such

fillers are practically splice plates, they should hll the regular requirements.

If they are merely spacing fillers no special requirement would .seem

necessary, and stock material would serve equally well.

Pars. "72 and 35. Three rivets in the minimum angle (3/^x3x^)

would not develop its full strength, except for the case of shop rivets,

when the unsupported length was over eighty times its least radius of

gyration and the angle was in compression.

75. To this paragraph might be added the following: "And such

camber may be required by planing the abutting edges of web plates or

punching splice plates to the camber, or both."

84. The quality of structural steel, as specified, appears to the writer

as a step in the wrong direction. Requisite propertie.'=! for both soft and

medium steel should be given, as both grades have enough adherents

to justify an alternative specification. The requirements stated are not

very severe even for soft steel (see par. 95) and the possible variation of

from 55,000 lbs. to 65,000 lbs. would permit the miscellaneous combining of

both soft and medium steels.

The possible furnishing of soft steel pins is not desirable. If the

"yield point" is worth anything, it is worth giving a requirement; if

entirely discredited, why not make available a more accurate test? The

writer would prefer the following grade of steel

:

84 and 85.

Phosphorus max. basic 0.04 per cent.

Phosphorus max. acid 0.06 per cent.

Sulphur 0.05 per cent.

Manganese 0.05 per cent.

Ultimate tensile strength 60,000 lbs. to 68,000 lbs.

(A large percentage of this should vary

from 60,000 lbs. to 66,000 lbs.)

Elongation, minimum per cent, in 8 in 25 per cent.

(This should vary, with an ultimate below 64,000 lbs.

from 26 per cent, to 33 per cent., and with an ulti-

mate above 64,000 lbs. from 25 per cent, to 28 per

cent.

Elongation, minimum per cent, in 8 in 25 per cent.

Character of fracture silky.

Cold bends, up to "yj^-va. thick (incl.) ;
180° flat.

Cold bends Y^-'in. to i in. ; 180° around one-half the

thickness.

Cold bends over l in. ; 180° around once the thickness.

Yield point 55 per cent, ultimate,
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95. The given diameter of bend is about 100 per cent, too great.

Pars. 116 and 132. Referring to these very generally used restric-

tions as to "unfair holes," it would be instructive to contrast the opinions

of "practical" shopmen and of the purchaser's Engineer, as to what

constitutes an unfair hole. The writer is of the opinion that this clause

is rarely enforced.

124. Fillers under end stiffeners and at other points of concentrated

loading should have a tight fit, materially increasing the actual stiffener

bearing area.

139. Is this clause intended to cover the end sections of top chord, in

the case of round ended or "bull nose" girders, and the bottom chord angles

of "fish bellied" girders?

150. There is no pi'ovision made by which eyebar heads and other

parts inaccessible after erection shall receive a second coat of paint.

While this could be provided for in the field painting (which is not part

of this specification) it is not certain that this is the best way to provide

for such painting.

157. It would be more in accordance with the tendency of present

practice to require the original tracings to be furnished to the Railroad

Companj'', the manufacturers filing paper tracings made by some one of

the negative or positive printing processes.

159. While the usual rebate of the scrap value of full sized material

passing a satisfactory test is a small amount for any particular set of

tests, it probably represents a considerable sum to the manufacturer in

the course of a year. This might properly be made the bnsis of a request

for tests on eyebar material as it comes from the rolls, or the tests called

for under the writer's criticism of paragraph 92.

The suggestion of the Committee that a series of impact tests be made

should meet with general approval.

The President :—The chairman will please make the opening state-

ment as to the manner in which the Committee would prefer to have the

report taken up.

M'r. J. P. Snow (Boston & Maine) :•—You will remember that last

year a portion of this specification, which we cal! part I, was referred

back to the Committee for further consideration. During the year we

have studied it over pretty thoroughly and present changes which are

printed on the left-hand pages of Bulletin 71, and the paragraphs of the

1905 version which were changed are printed on the right-hand page, so

that you can see what alterations have been made. The complete speci-

fication, as we changed it at our meeting at Niagara in January, is shown

on the left-hand pages. Since that time several important suggestions

have been made to the Committee, and yesterday we worked over them

and decided upon certain other changes, which we present to you as we
come to them. In regard to the method of considering the report, the

Committee would prefer that it be considered under the sub-headings

as given, such as general features, loads, etc., considering the whole sub'

ject at once, if it is agreeable, because we can get at it so much faster.
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The President :—In explanation of the report, the chair wishes to say

that on the left-hand page all paragraphs having a star prefixed to them
are those in which the wording or the sense has been changed from that

of last year. Paragraphs in which no star occurs are embodied in the

present report without change from last year. I would ask the chairman

whether he wishes to take that up in sections or take it up by reading

only the paragraphs that have been changed?

Mr. Snow :—I do not think it necessary to read over the paragraphs

that have not been changed, as they have been before the Association two

years now. However, that is for the Association to decide.

The President :—I would suggest, in order to save time and make
progress, that the paragraphs prefixed with a star be read by the chair-

man of the Committee. The members present can follow the paragraphs

with those corresponding on the opposite page. Any objection or dis-

cussion arising will take its regular course as we proceed.

Mr. Snow :—Commencing on page 6, of Bulletin 71, under the head of

"General Features:" "(i) Kind of Material.—The material in the

superstructure shall be structural steel, except' rivets, and as may be other-

wise specified."

(The paragraph was adopted.)

Mr. Snow:—"(2) Clearance.—On a straight line, the clear height

of through bridges shall not be less than 21 ft. above top of rails for a

width of 6 ft. over a single track, and the clear width shall be not less

than 7 ft. from the center line of the track between the heights of 4 and

17 ft. above the rails. The width shall be increased to provide the same

minimum clearance on curves, for a car 80 ft. long, 14 ft. high, and 60

ft. center to center of trucks, allowance being made for curvature and

superelevation of rails."

Mr. T. L. Condron (Consulting Engineer) :—The only question I have

in mind as to paragraph 2 is as to the width of the car. Is the full width

to be taken as 14 ft. or what width of car is to be assumed? This ques-

tion has come up in my own otifice, in figuring the clearance. The length

and height of the car were given. Should not the width be given?

Mr. Snow :—The central plane of the car, if the track is level, will

be vertical; but if the outer rail is elevated, the central plane of the car

will be inclined. We intend that there shall be seven feet from the center

of the top of the car to the side clearance of the bridge. The width of the

car really does not count in figuring the matter.

Mr. Condron :—You figure the full width of the bridge 14 feet dis-

tance? .1 mean, the space to be 14 feet wide?

Mr. Snow :—Yes, considering the superelevation. We should have the

same clearance from Lhe central plane of a car that vvc have on a straight

line.

(The paragraph was adopted.)

Mr. Snow :—" (4) Skew Bridges.—Ends of deck plate girders and

track stringers of skew bridges at abutments shall be square to the track,

unless a ballasted floor is used."

(The paragraph was adopted.)

J
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Mr. Snow:—"(5) Timber Floors.—Wooden tie floors shall be

secured to the stringers and shall be proportioned to carry the maximum
wheel load, with 100 per cent, impact, distributed over three ties, with

fiber strain not to exceed 2,400 lbs. per sq. in. Ties shall not be less

than 10 ft. in length. They shall be spaced with not more than 6 in.

openings; and shall be secured against bunching." We have changed

this at our recent meeting to 2,000 lbs., so that the paragraph will read,

as we have changed it : ''with fiber strain not to exceed 2,000 lbs. per

sq. in."

(The paragraph was adopted as amended.)

Mr. A. F. Robinson (Atchison, Topeka & Santa Fe) :—Shall we inter-

rupt as each paragraph' is read and have discussion or wait until the read-

ing is finished?

The President :—Better follow the usual order.

Mr. Robinson :— I do not believe it is wise to use the low unit stress

given, even with the high amount of impact, because our large ties, under

heavy engines, and heavy cars, will fail just the same as the ties we have

been using heretofore. It is my belief that the use of an extreme fiber

stress of 2,000 lbs. per sq. in., with impact of 10 per cent., is ridiculous.

I opposed the adoption of this extremely low unit stress in Committee, but

was outvoted. My object in finally agreeing to this unit stress is the belief

that the high first cost and high maintenance cost of decks buik under

these specifications will very soon force the adoption of ballasted floors

on all otir main line bridges. Before adopting this unit stress, our manag-
ing officers may want to count the cost. Om.itting for the time being the

dead load, let us see v/hat size ties we need for the live load alone. For
c>n extreme fiber stress not exceeding 2,000 lbs. per sq. in. and with 100

per cent, added for impact, the following sizes of ties will be required

:

First—50,000-lb. axles: 8x10 in. ties for stringers spaced from 7 to

'jYz ft. centers; 8x12 in. ties for stringers spaced 8 ft. centers; 8x14 in.

ties for spacing of 9 and 10 ft.

Second—55,ooo-lb. axles : 8x10 in. tics for stringers 7 to 7^ ft.

centers; 8x12 in. ties for stringers spaced 8 ft. centers; 8x14 in. ties for

stringers spaced 9 ft. centers; 8x16 in. ties for stringers spaced 10 ft.

centers.

Third—6o,ooo-lb. axles; 8x10 in. ties for stringers spaced 7 ft. centers

;

8x12 in. ties for stringers spaced 7J/2 ft. centers; 8x14 in. ties for stringers

spaced 8 to 9 ft. centers; 8x16 in. ties for stringers spaced 10 ft. centers.

With a ballast floor, 6-in. creosoted timber laid solid will meet all

requirements up to 8 ft. between centers of stringers, and lo-in. timber

will answer for 9 to 10 ft. spacing of stringers on girders. Passenger

engines with from 5S,oco to 6o,coo lbs. load on one or more axles are com-
mon on our trunk lines. Counting on 6o,ooo-lb. axles and a clear space

of 4 in. between ties, our open decks will cost about as follows (ties

12 ft. long considered) : 7 ft. centers of stringers, $2.50 per linear foot of

track; 8 ft. centers of stringers, $3.15 per foot of track; 10 ft. centers of

stringers, $3.50 per foot of track. A ballasted floor of creosoted timber 14
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ft. in width will cost about as follows : Creosoted timber and bolts

being taken at $45 per thousand ft. B.M., and ballast at $1.00 per cu.

yd. in place—for S-ft. spacing of stringers, $4.20 per foot of track; for

lo-ft. spacing of stringers, $6.70 per foot of track. With our very heavy

engines and steel frame cars running at high speeds, our open deck

bridges will not stand a very serious derailment. This open deck, which

has become almost a lumber yard, also offers greater dranger from fires.

Our ballast floor will stand almost any conceivable derailment, eliminates

almost all danger from fires, and is good for about 25 years of service. The
saving in maintenance of a ballast floor costs no more per annum than our

heavy open floors and is not open to the grave dangers accompanying

the use of the latter. It seemed to me it would be almost like throwing

money away to put 8x12, 14 or r6-in. timbers into our decks and leave

them open so that the}' could get the blows from any derailed car that

happened to get out of place.

The President :—Is there any discussion upon the points brought

forward by M'v. Robinson? No motion having been made, the chairman

will proceed.

Mr. Snow—"Section II. Loads.— (6) Dead Loads.—The dead load

shall consist of the estimated weight of the entire suspended structure.

Timber shall be assumed to weigh 4^,^ lbs. per ft. B.M. ; ballast 100

lbs. per cu. ft. and rails and fastenings 150 lbs. per linear ft. of track."

(The paragraph was adopted.)

Mr. Snow:—"(7) Moving Load.—The live load, for each track, shall

consist of two typical engines followed by a uniform load, according to

Cooper's series, or a system of loading giving practically equivalent

strains. The minimum loading to be Cooper's E-40, as shown in the

diagrams, and the diagram that gives the larger strains to be used."

I might add that we propose to omit the reference mark after the word

"series," in the second line. It refers to nothing and means nothing.

(The paragraph was adopted.)

Mr. Snow:—"(9) Impact.—The dynamic increment of the live load

shall be added to the maximum computed live load strains and shall be

300

determined by the formula I= S , where / equals impact to be

L + 300,

added to the live load strains ;
5" equals computed maximum live load

strain: L equals loaded length of track in feet producing the maximum
strain in the member. For bridges carrying more than one track, the

aggregate length of all tracks producing the strain shall be used. Impact

shall not be added to strains produced by longitudinal, centrifugal and

lateral or wind forces." In our late session we decided to change the

line defining / so that it will read :
"/ equals impact or dynamic incre-

ment to be added to live load strains."

(The paragraph as amended was adopted.)

Mr. Snow :—We have decided to make a radical change in paragraph

10, which should read:. ."All spans shall be designed for a lateral force
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on the loaded chord of 200 lbs. per linear ft. plus 10 per cent, of the

specified train load on one track, and 200 lbs. per linear ft. on the unloaded

chord ; these forces being considered as moving."

(The paragraph was adopted as read.)

Mr. Snow:—"(10) Wind Loads.—Viaduct towers shall be designed

for a force of 50 lbs. per sq. ft. on one and one-half times the vertical

projection of the structure unloaded; or 30 lbs. per sq. ft. on the same

surface plus 400 lbs. per linear ft. of structure applied 7 ft. above the rail

for assumed wind load on train when the structure is either fully loaded

or loaded on either track with empty cars assumed to weigh 1,200 lbs. per

linear ft., whichever gives the larger strain."

(The paragraph was adopted.)

Mr. Snow:

—

"(12) Longitudinal Force.—Viaduct towers and similar

structures shall be designed for a longitudinal force applied to the rail

of two-tenths of the live load." We want to change the word "two-tenths"

in the last line to 20 per cent, as being more consistent with the wording of

tlie rest of the specification.

(The paragraph as amended was adopted.)

Mr. Snow :—For paragraph 13 we have a new reading, as follows

:

"Structures located on curves shall be designed for the centrifugal force

of the live load acting at a height of 6 ft. above the rail
;
proper account

being taken of the superelevation. The speed and superelevation to be

determined by the engineer for each case."

(The paragraph was adopted as read.)

Mr. Snow :
—

"Section IIL Unit Strains and Proportion of Parts.

—

(17) Bending.—Bending: on extreme fibers of rolled shapes, built sec-

tions and girders; net section, 16,000; on extreme fibers of pins, 24,000."

(The paragraph was adopted.)

Mr. Snow:—"(18) Shearing.—Shearing: shop driven rivets and

pins, 12,000 ; field-driven rivets and turned bolts, 9,000 ;
plate girder webs,

gross section, 10,000." We have modified the middle line to read 10,000

instead of 9,000.

(The paragraph was adopted as amended.)

Mr. Snow:—"(19) Bearing.—Bearing: shop-driven rivets and pins,

24,000; field-driven rivets and turned bolts, 18,000; granite masonry and

Portland cement concrete, 600; sandstone and limestone, 400; expansion

rollers, per linear inch, 600 d, where d is the diameter of the roller in

inches." We have modified the second line to read 20,000 instead of 18,000.

(The paragraph was adopted as amended.)

Mr. Snow:—We have changed paragraph 20 from the printed version

so as to read: "Members subject to alternate strains of tension and com-

pression shall be proportioned for the strains giving the largest section.

If the alternate strains occur in succession during the passage of one train,

as in stiff counters, each strain shall be increased by 50 per cent, of the

smaller. The connections shall in all cases be proportioned for the sum
of the strains."

(The paragraph was adopted as read.)
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Mr. Snow;—"(22) Axial and Bending Strains Combined.—Mem-
bers subject to both axial and bending strains shall be proportioned so

that the combined fiber strains will not exceed the allowed axial strain."

(The paragraph was adopted.)

Mr. Snow:—We have modified paragraph 23 to read: "For strains

produced by longitudinal and lateral or wind forces combined with those

from live and dead load and centrifugal forces, the unit strain may be

increased 25 per cent, over those given above ; but the section shall not

be less than required if the longitudinal and lateral wind forces be

neglected."

(The paragraph was adopted as read.)

Mr. Snow :
—

" (24) Net Section at Rivets.—In proportioning tension

members the diameter of the rivet holes shall be taken J^-in. larger than

the nominal diameter of the rivet."

(The paragraph was adopted.)

Mr. Snow:—"(25) Rivets.—In proportioning rivets, the nominal

diameter of the rivet shall be used."

(The paragraph was adopted.)

Ml Snow:—"(27) Proportioning Plate Girders.—Plate girders shall

be proportioned either by the moment of inertia of their net section ; or

by assuming that the flanges are concentrated at their centers of gravity

;

in which case one-eighth of the gross section of the web, if properly

spliced, may be used as flange section."

(The 'Paragraph was adopted.)

Mr. Snow:—"(28) Compression Flanges.—The gross section of the

compression flanges of plate girders shall not be less than the gross sec-

tion of the tension flanges; nor shall the strain per sq. in. in the com-

/

pression flange of any beam or girder exceed 16,000— 200—, where /

b

equals unsupported distance and .'; equals width of flange."

(The paragraph was adopted.)

Mr. Snow:—"(29) Flange Rivets.—The flanges of plate girders shall

be connected to the web with a sufficient number of rivets to transfer the

total shear at any point in a distance equal to the depth of the girder at

that point combined with any load that is applied directly on the flange.

The wheel loads, where the ties rest on the flanges, shall be assumed to be

distributed over three ties."

(The paragraph was adopted.)

M'r. Snow.—We have modified paragraph 30 so that it shall read:

"Trusses shall preferably have a depth of not less than one-tenth of the

span. Plate girders and rolled beams, used as girders, shall preferably

have a depth of not less than one-twelfth of the span. If shallower

trusses, girders or beams are used, the section shall be increased so that

the maximum deflection will not be greater than if the above limiting

ratios had not been exceeded."

(The paragraph was adopted as read.)
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Prof. H. S. Jacoby (Cornell University) :—I would like to inquire,

with reference to paragraph 29. on the third line, whether "effective depth"

should not be substituted for "depth." The word "depth," in connection

with girders, sometimes applies to the depth of the web plate and in other

cases may refer to the depth between the rivet lines. Theoretically, it is

the effective depth, the distance between centers of gravity of the flanges.

Mr. Snow:—The effective depth of the girder is always tlie depth

understood when anything is being said about the computation of a girder.

Jt is a matter of rather small importance, but still it might be more pre-

cise if we should say "elifective depth," or "depth out-to-out of angles," or

something to make it definite. I do not wish to assume that the Com-

mittee would like to accept that change, but I do not think there would

be any objection if the Association thinks it necessary. I am told by my
colleagues that there will be no objection to inserting the word "effective"

before "depth."

The President:—If there is no objection on the part of the conven-

tion, the vvord "effective" will be inserted in paragraph 29.

Mr. Snow :—"Section IV. Details of Design. General Requirements.

C31) Open Section.—Structures shall be so designed that all parts will

be accessible for inspection, cleaning and painting."

(The paragraph was adopted.)

Mr. Snow:—"(32) Water Pockets.—Pockets or depressions which

would hold water shall have drain holes, or be filled with waterproof

material."

(The paragraph was adopted.)

Mr. Snow:—"(34) Counters.—Rigid counters are preferred; and

where subject to reversal of strain shall preferably have riveted connec-

tion to the chord. Adjustable counters shall have open turnbuckles." We
have changed the words "connection" and "chord" in the second line

to make them plural.

(The paragraph was adopted as amended.)

Mr. Snow:— (36) Minimum Thickness.—The minimum thickness of

metal shall be -Ki-in. except for fillers."

(The paragraph was adopted.)

Mr. Snow :—We have changed paragraph ^"^ to read as follows : "The

minimum distance between centers of rivet holes shall be three diameters

of the rivet ; but the distance shall preferably be not less than 3 in. for

7/^-in. rivets and 2^^ in. for ^-in. rivets. The maximum pitch in the line

of strain for members composed of plates and shapes shall be 6 in. for

y%-\w. rivets and 5 in. for ^-in. rivets. For angles with two gage lines,

and rivets staggered, the maximum shall be tvvice the above in each line.

Where two or more plates are used in contact, rivets not more than 12

in. apart in either direction shall be used to hold the plates well together.

In tension members composed of two angles in contact, a pitch of 12 in.

' will be allowed for riveting the angles together."

(The paragraph was adopted as read.)

Mr. Snow:—"(42) Compression Members.—In compression mem-

16
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bers the metal shall be concentrated as much as possible in webs and

flanges. The thickness of each web shall be not less than one-thirtieth of

the distance between its connections to the flanges. Cover plates if used

shall have a thickness not less than one-fortieth of the distance between

rivet lines." We made a slight change in this paragraph, omitting "if

used" in the line next to the last.

(The paragraph was adopted as amended.)

Mr. Snow:—"(43) Minimum Angles.—Flanges of girders and built

members without cover plates shall have a minimum thickness of one-

tenth the width of the outstanding leg." In the last line we have changed

"one-tenth" to "one-twelfth of."

(The paragraph was adopted as amended.)

M'r. Snow:—"(44) Tie-Plates.—The open side of compression mem-
bers shall be provided with lattice and shall have tie-plates as near each

end as practicable. Tie-plates shall be provided at intermediate points

where the lattice is interrupted. In main members the end tie-plates shall

have a length not less than the distance between the lines of rivets con-

necting them to the flanges, and intermediate ones not less than one-half

this distance. Their thickness shall not be less than one-fiftieth of the

same distance."

(The paragraph was adopted.)

Mr. Snow:—"(48) Spacing of Lattice.—Lattice bars shall be so

spaced that the portion of the flange included between their connections

shall be as strong as the member as a whole."

(The paragraph was adopted.)

Mr. Snow:—"(52) Pins.—Pins shall be long enough to insure a

full bearing of all the parts connected upon the turned body of the pin.

They shall be secured by chambered nuts or be provided with washers,

if solid nuts are used. The screw ends shall be long enough to admit of

burring the threads."

(The paragraph was adopted.)

Mr. Snow:—In paragraph 55, which has not got a star, the word

"of" in the last line should be "for." Paragraph 56, which is not starred,

we decided to change so that it will read : "Rivets carrying strain and

passing through fillers shall be increased 50 per cent, ni number; and the

excess rivets when possible shall be outside of the connected member."

(The corrections to paragraphs 55 and 56 as read were adopted.)

Mr. Snow:—"(57) Expansion.—Provision for expansion to the

extent of H-i"- for each 10 ft. shall be made for all bridge structures.

Efl[icient means shall be provided to prevent excessive motion at any one

point."

(The paragraph was adopted.)

Mr. Snow:—"(58) Expansion Bearings.—Spans of 80 ft. and over

resting on masonry shall have turned rollers or rockers at one end ; and

those of less length shall be arranged to slide on smooth surfaces."

(The paragraph was adopted.)

Mr. Snow:—"(60) Rollers.—Expansion rollers shall be not less than
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6 in. in diameter. They shall be coupled together with substantial side

bars, which shall be so arranged that the rollers can be readily cleaned."

(The paragraph was adopted.)

Mr. Snow:—"(6i) Bolsters.—Bolsters or shoes shall be so con-

structed that the Toad will be distributed over the entire bearing; spans

of 80 ft. or over shall preferably have hinged bolsters at each end."

(The paragraph was adopted.)

Mr. Snow:—"(62) Wall Plates.—Wall plates may be cast or built

up ; and shall be so designed as to distribute the load uniformly over

the entire bearing. They shall be secured against displacement."

(The paragraph was adopted.)

Mr. Snow:

—

"(6^) Anchorage.—Anchor bolls for viaduct towers and

similar structures shall be long enough to engage a mass of masonry

the weight of which is at least one and one-half times the uplift."

(The paragraph was adopted.)

Mr. Snow:—"(67) End Spacers for Stringers.—Where end floor

beams cannot be used, stringers resting on masonry shall have cross frames

near their ends. These frames shall be riveted to girders or truss shoes

where practicable."

(The paragraph was adopted.)

Mr. Snow:—"(69) Portals.—Through truss spans shall have riveted

portal braces rigidly connected to the end posts and top chords. They

shall be as deep as the clearance will allow."

(The paragraph was adopted.)

Mr. Snow:—"(70) Transverse Bracing.—Intermediate transverse

frames shall be used at each panel of through spans having vertical truss

members where the clearance will permit."

(The paragraph was adopted.)

Mr. Snow:—"(71) End Bracing.—Deck spans shall have transverse

bracing at each end proportioned to carry the lateral load to the support."

(The paragraph was adopted.)

Mr. Snow:

—

"(72) Minimum Bracing.—The minimum-sized angle

to be used in lateral bracing shall be 3J/2 by 3 by }i-in. Not less than

three rivets through the end of the angles shall be used at the connec-

tion."

(The paragraph was adopted.)

Mr. Snow:

—

"(73) Bracing to Clear Ties.—Lateral bracing shall be

far enough below the flange to clear the ties."

(The paragraph was adopted.)

Mr. Snow:—"(74) Tower Struts.—The struts at the foot of viaduct

towers shall be strong enough to slide the movable shoes when the track

is unloaded."

(The paragraph was adopted.)

Mr. Snow:—"Plate Girders. (75) Camber.—If desired, plate gir-

der spans over 50 ft. in length shall be built with camber at a rate of

one-sixteenth-in. per 10 ft. of, length."

(The paragraph was adopted.)
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Mr. Snow:

—

"{77) Web Stiffeners.—There shall be web stiffeners,

generally in pairs, over bearings, at points of concentrated loading and

t

at points required by the formula: d =— (12,000 — s), where (i = clear

40

distance between stiffeners in flange angles ; t = thickness of web ;
J =

shear per sq. in. The stiffeners at ends and at points of concentrated

loads shall be proportioned by the formula of paragraph 16, the effective

length being assumed as one-half the depth of girders. End stiffeners

and those under concentrated loads shall be on fillers and have their

outstanding legs as wide as the flange angles will allow and shall fit

tightly against them. Intermediate stiffeners may be offset or on fillers

and their outstanding legs shall be not less than one-thirtieth of the depth

of girder plus 2 in."

(The paragraph was adopted.)

Mr. Snow :

—
"Trusses. (79) Camber.—Truss spans shall be given

a camber by making the panel length of the top chords, or their horizon-

tal projections, longer than the corresponding panels of the bottom chord

in the proportion of ^-in. in 10 ft."

(The paragraph was adopted.)

Mr. Snow :—We have revised paragraph 80 to read : "Hip verticals

and similar members, and the two end panels of the bottom chords of

single track pin-connected trusses up to .300 ft. spans, sliall be rigid."

(The paragraph was adopted as read.)

Mr. Snow:—"(82) Pony Trusses.—Pony trusses shall be riveted

structures, with double webbed chords, and shall have all web members

latticed or otherwise effectively stiffened."

(The paragraph was adopted.)

Mr. Snow :—Part II was adopted by the Association some time ago,

but we have suggested a few changes.

Mr. Wm. R. Webster (Consulting and Inspecting Engineer) :—I move

that Part I be accepted as read.

(The motion was carried.)

Mr. Snow :—I might say in connection with these changes all through

that the Committee has considered the various suggestions and discus-

sions that have been made, and has conformed to the suggestions as far

as it could see its way to do so. In paragraph 84, which is not starred, we

have decided to change the elongation for steel castings, which you will

find in the middle of the right-hand column, from 18 to 15 per cent.

Mr. Webster :—If paragraph 84 is open for discussion, I would like

to ask the Committee if they considered the acid steel percentage equiva-

lent to basic steel of 0.04 per cent, phosphorus, and if commercially it is

about the same-priced steel, or if they consider the physical properties

the same, and I would like to call attention to the fact that a. good many

specifications of 0.04 phosphorus in basic called for 0.06 in acid, and ask

if they make any objections to reducing 0.08 to 0.06 in the acid?

Mr. Snow :—This figure 0.08 phosphorus for acid steel was adopted
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six years ago and has not been changed since, although the question

has been somewhat discussed. The feeling, at the time it was adopted,

was that acid steel Vv^ith 0.08 phosphorus was good material for bridges.

If we made the limit any lower at that time it would practically rule

out acid steel, because it could not then be produced with 0.06 phosphorus

as cheaply as basic steel with 0.04 phosphorus : and we felt that we ought

not to rule out acid steel, as it was a very good material, and by some

considered better than basic material. It is barely possible that the process

of manufacture has so changed since that we might reduce the limit to 0.06

with perfect safety. It is easy, as I understand it now, to get acid steel

with 0.06 phosphorus simply by using plenty of basic scrap in the furnace.

1 do not think the Committee, looking at it from the point of view of good

material, would have the least objection to reducmg the figure to 0.06,

but I might say that this specification for material has been built up in

conjunction or alongside of the specification for material which has been

adopted by the Society for Testing Materials, and we have endeavored to

to make them identically the same. The Committee have no objection,

I am sure, to reducing the figure to 0.06, provided Mr. Webster's committee

of the Society for Testing Materials will follow suit.

Mr. Webster :—That was my reason for bringing the matter up. 1

replied to your letter some weeks ago that I thought my committee of

Ihe Society for Testing Materials would gladly accept what this Associa-

tion might do in the matter, and the subject is up for consideration by the

society and will be considered at a meeting to be held in April. I will

leave the matter open and will not make any motion.

Mr. Snow :—I would like to hear an expression of opinion from other

members.

Mr. J. W. Schaub (Consulting Engineer) :—It seems to me that the

requirements for phosphorus are made subservient to the kind of material

used in this country for making acid steel. In Great Britain there would

be no difficulty in supplying acid steel with 0.04 phosphorous ; and if you

had submitted this specification to the steel mills in Germany ten years

ago they would have asked to have the limits for phosphorus just

reversed. It seems to me that you have sacrificed a specification in order

to keep in view the kind of material commonly used in this country, and

I see no reason why you should make a phosphorus limit double in one

case what you do in the other. If you make it fifty per cent. more, you

certainly are very conservative, and I agree with Mr. Webster to make it

0.06.

Mr. R. Modjeski (Consulting Engineer) :—I also agree with the gen-

tleman upon that question of reducing that to 0.06.

Mr. Snow:—The Committee is favorable to making the change, and

with the permission of the Association, we will consider the figure changed

from 0.08 to 0.06.

(The paragraph as amended was adopted.)

Mr. Snow :—Regarding paragraph 85, we decided at our meeting

yesterday to reverse our previous action so that it will read : "If the



246 IRON AND STEEL STRUCTURES.

ultimate strength varies more than 4,000 lbs. from that desired, a retest

shall be made on the same gage, which to be acceptable shall be within

5,000 lbs. of the desired ultimate." I hope Mr. Webster's committee will

see their way clear to meet us on that point.

Mr. Webster:—I will do what I can to have them do that. If there

is going to be a large amount of material, structural steel, I should think

it would be no great hardship to insist on the specification as you have it;

in fact, 8,000 leeway flat would not be a hardship on the mills. They

only think it is.

Mr. Snow:—Can you bring your committee to that?

Mr. Webster:—If they do not come to it, I assure you we will have a

minority report to that effect.

(The paragraph was adopted as read.)

Mr. Modjeski;—Referring to paragraph 84, is that reduction from

0.08 to 0.06 on phosphorus applicable also to steel castings ? I think it

ought to apply also to steel castings.

The President:—Do you make that in the form of a motion?

Mr. Modjeski:—A special specification would be required to cover

that.

The President :—You make that as a suggestion to the Committee that

in next year's report they consider a special specification for cast steel of

high ultimate?

Mr. Modjeski:—Yes, sir.

Mr. C. C. Schneider (Consulting Engineer) :—That has been con-

sidered by the Committee, and they are willing hereafter to include in the

specification special materials.

Mr. Condron :—This specification has been in use several years, and

there was a good deal of discussion at the time this mean of 60,000 lbs.

was adopted for structural steel. A minority of the Association was in

favor of higher tensile steel at that time, and the discussion was very full

upon that point. At the time the specification was first framed and adopted,

it was thought that 60,000 lbs. was as high a mean as could reasonably be

called for for every-day commercial purposes. I think it was the unani-

mous opinion that these specifications could then be safely adopted on that

basis, with a view to ultimately raising the required strength. I wondered,

in looking over these specifications, if the Committee had made any inves-

tigations as to the progress of manufacture of steel, and if the same had

developed to such a point that we might at this time consider an advance

of 2,000 lbs. in the strength of our material. It would seem to me that

such an increase would be in the line of progress. There has been

nothing in the past two or three years to cause me to change my opinion

in that matter. I hesitate to make a motion, unless to get the expression

of the Association ; but I would inquire if the Committee has considered

the feasibility of raising the tensile strength of structural steel to 2,000

lbs.

Mr. Webster :— I think it would be very unfortunate to change the

structural material. With the limit you now have it is advantageous to
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everyone to have large tonnage on material ordered by standard specifica-

tions. We are going to take up shortly in the Society for Testing Ma-

terials the hull material for ships, and that will be about 61,000 to 71,000

lbs. tensile strength. This we hope to get in shape before long, and it will

be practically the Lloyds specification with chemical requirements added.

Mr. Robinson :—If this scheme Mr. Webster speaks of goes into

effect, we are coming virtually back to our original proposition of two

grades of steel.

Mr. Webster:— I did not mean to open up that old question, but I did

want to say that a large amount of that material is being rolled now, and

there will be more.

Mr. Condron :—Then, in view of this proposed action, or the shadow

of it before us, of the other society, in which we are so deeply interested,

would it not be of material advantage to them to meet us half way?
I therefore make the motion, to get the sense of this meeting, that in the

first paragraph with reference to structural steel, the ultimate tensile

strength desired shall be 62,000 lbs. per sq. in.

Mr. Schaub :—If you are going to make a change, I do not think

you are radical enough. You all know that the steel from which the axle

of a car is made runs from 65,000 to 75,000 lbs. per sq. in. in ultimate

strength, and the axle manufacturers insist on using this kind of material.

This material has probably worse usage than any other steel. It is sub-

jected to impact without any intervening springs, and is subject to a con-

tinual reversal at high frequency. It seems to me if you change from

60,000 to 62,000 you will make a mistake.

Mr. Webster :—The axle has no holes punched through it and is put

into use without reaming those holes. I would like to call attention to a

motion I made last year, which was carried, reversing the action of the

Committee on an'other matter. I do not think it is fair to any committee

for the Association to reverse its findings.

Mr. Snow :—The motion, I suppose, is open to discussion. I sincerely

hope the Association will not vote to change that figure from 60,000

to 62,000. If there is anything valuable about the work of this Com-
mittee during the four or five years that it has been at work, it is in estab-

lishing a uniform grade of material. We get commendations from a

good many quarters, and it seems to work out first rate in our own prac-

tice, and I thought we were getting along nicely. I am sure, if we start

in to make changes, there will be trouble in many directions. This speci-

fication, so far as a single grade of material goes, has given eminent satis-

faction to manufacturers and to all the users that I have heard from.

Every year we get a little dose of comments and suggestions from men
who use a higher grade of material, as they call it, than this ; but I am
sure that the great bulk of work in this country is satisfied with this

grade of material.

Mr. Webster:—I would like to offer an amendment to that motion,

that it be given to the Committee to report on a year hence. I do not

want to reverse the Committee's report now, whatever my personal views

may be.
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(The amendment was carried.)

The President :—The original motion as amended is now before you.

(The motion was lost.)

Mr. Condron :—I think there has been a misunderstanding. I see

that more members of the Committee are in favor of the motion than there

are opposed to it. I move, therefore, that the limit for the 60,000 lbs.

named in the specification for the desired ultimate tensile strength of

structural steel be made 62,000 lbs. instead of 60,000 lbs. I have been in

the mills, and know that the manufacturers would not think seriously

of the difference. They will talk a lot about it, but in actual practice they

will hardly discover it, and will not object to it.

Mr. Webster:—I do not think we can change the properties of the

steel. I think the properties of the steel are the same to-day as when we
decided on 60,000 lbs. This material is largely used without reaming.

If you get to 62,000, you will go up to 65,000, when you will get to the

point where you had better not use the steel without reaming, especially

if you use thick material.

Mr. C. F. Loweth (Chicago, Milwaukee & St. Paul) :—I think it

true that the bulk of the material entering into railroad bridges that are

loaded heavy is three-quarters of an inch in thickness and thicker, and we
are up to the proposition of reaming our material under these specifica-

tions whether we use 60,000 or 62,000 lbs. steel. I have been asking for

62,000 lbs. ultimate tensile strength for years past, and have had no diffi-

culty in getting it. None of the bridge companies have objected to fur-

nishing it.

M'r. C. S. Churchill (Norfolk & Western) :—I objected to these limits

of steel two or three years ago. We are using 57,000- and 65,000 as our

specification limits.

Mr. Snow:—There would be no objection to the 62,000 Mr. Condron

asks for as a desired ultimate per se, but it would carry the upper limit

so high that it would be impracticable. If we could be assured the upper

limit would not go above 65,000, there would be no objection to his

figure. I understand there is no motion made.

The President :—The new motion has not been seconded, and the

chair would rule the motion out of order, unless Mr. Condron alters the

wording. There was an original motion before the house ; an amendment

was made and carried ; then the question was upon the original motion as

amended and was lost.

Mr. Condron :—I ha\c no desire to be antagonizing or disrespectful

to this Committee. I counted the votes of the members of the Committee,

and noted that it was divided. In order to put this matter in an agree-

able form, I will make the motion that it go to the Committee as a recom-

mendation. The Committee has changed the report since it was published

repeatedly, and there is no reason, if they want to change it again, why
they should not change it right now.

The President:—TJie chair has decided that tlie motion is out of

order.
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Mr. Condron :—In order to bring this matter up and get some ex-

pression of sentiment, I move that it is the sense of the meeting that

(he desired ultimate strength of structural steel be made 62,000 instead

of 60,000 lbs.

Mr. Hunter McDonald (Na.shville, Ch.attanooga & St. Louis) :—As I

understand it, without having heard the matter very fully discussed, I

do not think the floor of this convention is the place to decide an intri-

cate technical question. As M'r. Theodore Cooper says in his discussion

of the report of this Committee, he does not think a mere majority vote

should decide an intricate technical matter, and I think the proper treat-

ment of this question is to refer it back to the Committee, with the request

that they consider it carefully and report at the next meeting upon the

advisability of raising the limit of strength of structural steel.

(The motion was carried.)

Mr. Webster :—Now, for the information of the Committee, and of

the other members present, I think we might ask for an expression of

views on the subject of the members present.

The President:—The chair will entertain discussion upon that ques-

tion. It is not necessary to make a motion.

Mr. Webster :—I did not know whether you wanted to vote on it

or not. The members are requested to give their own views. We
would like the sense of the meeting, or rather, the Committee would like

the sense of the meeting on that subject. We will put it that way.

Mr. A. E. Reichmann (American Bridge Company) :—I think next

year, when the Committee makes its report, will be the proper time for

the Association to express its opinion as to what it wants.

Mr. Loweth :—I am in favor of Mr. Webster's suggestion, that mem-
bers of the Association express their opinion of this matter to-night. If

we have to report a year hence on this question, it will be very desir-

able that we know the opinion of the rnembers in advance, and I hope

that this phase of the subject will not be dropped now.

Mr. McDonald :—If the Committee does its duty faithfully, I cannot

see what sense there would be in having the convention express an

opinion on this subject now. It strikes me, in the absence of the men
who are making the steel—if they are here, I do not know it—and an

expression from them as to their ability to furnish it, and in the absence

of a full discussion of their ability to furnish it, an expression of this

meeting would be of httle value. The motion just passed vvas to the

cfifect that this Committee investigate the matter, and our vote might,

prior to this investigation, be premature ; and, further, if the vote was
taken, the Committee might consider the matter had been settled by the

convention, and shape its course accordingly. What we want is to have

the Committee look into this thing, and tell us what to do.

M'r. Richard Khuen (American Bridge Company) :—If you reduce this

matter to a question of percentage, you will find that it amounts to less

than three and one-half per cent. We are taking a great deal of time to

discuss a change amounting to three and one-half per cent. Anyone who
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has had anything to do with bridge designing knows that this amounts to

very little, and we can therefore safely leave it with the Committee.

Mr. Robert Moore (Consulting Engineer) :—Mr. McDonald has set a

precedent I should like to see followed in another matter in connection

with bridge construction, and that is that the Committee should con-

tinue to consider the matter of impact. For one, I feel unable to accept

the formula adopted by them as the end of the matter. A formula which

gives 33 per cent, impact on a 600 ft. span should hardly be considered

a finality, and I should like very much to have this matter considered

very thoroughly, not alone theoretically, but, above all, experimentally. It

appears to me that it is a subject which above all requires experience

and careful experiment to reach conclusions that are worth anything. For

myself I cannot believe that in spans of any length the dynamic increment

of the stress is anything like what this formula calls for. At the same

lime, I recognize the fact that in the absence of carefully conducted

experiments the opinion of no one is worth much, and for that reason

I should like to have the Committee charged with this duty of continued

investigation and report upon this subject until they can give us con-

clusions that are based upon well-ascertained facts. Therefore, I move

that it be the request of this meeting that the Committee continue to con-

sider and report next year upon this matter of impact.

Mr. Snow :—For the information of the members I will say that we

would be very glad to work out this thing on the lines suggested by Mr.

Moore, provided sufficient funds can be obtained for the purpose. It costs

considerable money to do it. I will say that some two thousand separate

experiments were made by a member of this Committee on this very sub-

ject. The results of those experiments were quite discordant, and it was

very difficult to bring them to a satisfactory law. About all that could

be definitely said was that they showed that this formula is safe ; that it

goes a little above anything that was measured. The records as well as the

instruments with which these experiments were made were destroyed in

the Baltimore fire. They were made on the Baltimore & Ohio Railroad

by our member, Mr. Greiner. The value of these experiments has never

been appreciated by this Association. It is a tremendous undertaking to

make them, and they were made without expense to the Association and

without financial help from anj'one ; they were made at the expense of the

Baltimore & Ohio Railroad.

I am not ready to say what we propose to do in the future, but I

will repeat what I said when I started, that we will be very glad to

make some nicrc experiments if we can get the funds to do it with.

Mr. Moore:—I cannot conceive of any better object for the expendi-

ture of money on the part of the users of steel than these experiments.

If the residts given by this formula are as much too high as I am
inclined to believe they are, we are using material very wastefully, and

I think that the users of steel would make a most desirable investment

if they would contribute whatever is necessary to insure that these experi-

ments be exhaustively made. Nor can I conceive of any better object
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for the expenditure of the surplus of this Association, which, I under-

stand, is some ten thousand dollars, than to employ it, or a part of it,

in this work. It is a work of the utmost value, which somebody must

do, if we are to design the bridges as intelligently as we ought to do.

Mr. Robinson :—I hope the Association will go one step farther in

this matter. It is my belief that the instruments used heretofore in mak-

ing these tests have taken the distortions over too small a length. As a

result these records have had to be multiplied 140 or 150 times to make

them so that they could be read. I hope that when the matter is taken

up, some instrument will be devised by which the elongation or the distor-

tion of the member tested can be made longer, say, a full panel length

in a truss bridge. In addition to this, I think we should determine what

is the effect of a ballast floor in reducing this impact. The test should

be conducted both on bridges with ballast and similar structures without

ballast. There are plenty of bridges on quite a good many railroads in

the country that can be tested, and it is my belief that if the various

railroads are approached properly, they will be glad to furnish the loco-

motives and suflScient assistance to make these various tests if the Asso-

ciation will furnish the central head to guide the whole matter, and

who will have the instruments to make the tests and who will look after

them. I hope that the matter will be carried out. As Mr. Moore has

said, I do not believe in the use of this impact formula. I am one of

the unfortunates who signed the minority report, which has not been

accorded any discussion as yet, and I for one hope to see the time

come when we will have an impact formula that we can all accept.

I cannot accept the present one ; I think it is wrong.

Mr. McDonald :—It has occurred to me that the membership may not

be aware of the fact that the President of the United States has re-

quested this Association to appoint three members to represent the

Association on an advisorj^ board for the purpose of testing structural

materials, and it seems to me, if this question is one that requires finances

as well as intelligence to settle, and if it is one that is very important

and should be settled, that there could be nothing better done by the

Association to-night than to instruct its representatives on the advisory

board to the effect that they use their endeavors to secure a proper

investigation of this matter through the appropriation made by the

Government.

Prof. F. E. Turneaure (University of Wisconsin) :—As a result from

some little experimentation I did six or eight years ago I appreciate

the difficulties in making such experiments in the right way. My
experience in making tests on some thirty or forty bridges of different

span lengths, from 25 ft. to 150 or 200 ft., has led me to conclusions

very similar to those of Mr. Moore, that the impact formula provid-

ing for such a large percentage on bridges of 400, 500 and 600 ft. span

is much further on the side of safety than it is for very short spans.

It seems to me that the dynamic effect of the moving load can be

divided into two kinds—the direct effect which comes on very short
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spans—such as short span girders and floor systems, and which is

probably not badly represented by this formula—and the indirect and

accidental effect which comes on long truss spans, and which is very

difficult to represent by a formula. I believe on long spans experiments

can be carried on satisfactorily and without great difficulty by measure-

ments of deflection, but for the floor systems and short girders, and for

a good many of the truss members, undoubtedly a direct measurement

of strains would need to be made. For the latter purpose some instru-

ment measuring the strains over a good length would bo needed. I

think the matter an extremely important one, and I should like to see

experiments carried out on a large scale. One thing which should

be done is to make experiments on short spans which can be made
similar in design so far as the girder itself is concerned, but with

varying floor systems. I think that would be the most economical and

practical method of determining the effect of ballasting and various

designs of floor systems.

Mr. Schneider :—Those who have had no experience in making impact

tests can have no conception of the amount of time and patient labor

involved therein. Several years ago at a meeting of this Association

I mentioned that I would be glad to co-operate with any of the members
who had opportunities and desired to make such experiments ; also, that

.] would let them have the use of the instruments which were at my
disposal ; but no response was received. The experiments made in this

country are practically confined to the work of one man. Mr. Greiner,

of the Baltimore & Ohio Railroad, has spent years on impact tests and

made several thousand carefully condixted experiments, the results of

which form a valuable contribution to our knowledge on this subject.

His experiments were made by experienced men and are probably as

reliable as any experiments of this kind can be made. I regret very

much that his work is so little appreciated.

Mr. C. H. Cartlidge (Chicago, Burlington & Quincy) :—I believe

if this Associ.ntion takes up the question of impact experiments, it will

not only be well done, but the Association will be prepared to give

the work the weight it deserves. I believe, contrary to Mr. McDonald, that

the Association itself should make the experiments, and not the Govern-

ment. The Association has money to do the work, and I believe there

are brains enough in the Association to do the work properly. In fact,

I think in this room there is a man who has had sufficient experience to

undertake such experiments and carry them out properly. I speak of

Prof. Turneaure, who has just addressed you. I think he is able to

give us now an estimate of the amount of money such experiments

would require, and after he has done so, I will move that we, as a

Committee, or the Association as a body, request tlie Board of Direc-

tion to set apart that amount of money to be expended in these

impact experiments during the coming year or the next two years.

M'r. Andrews Allen (Wisconsin Bridge Company) :— I want to add a

word of very hearty second to the suggestion that this Association take
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up the proposed impact experiments. I do not believe there is a member

here who thinks that the impact formula which has been presented to

us is right, theoretically or practicall}'. It has simply been adopted as

a safe empirical formula. I think that this Association, which stands for

the highest development of railroad engineering, should take the lead

in this matter. We have a fund available for this purpose. I think now

is the time to bring this matter to some definite conclusion, to make

some experiments under the proper auspices in the proper way and

get results. I certainly will vote with great pleasure in favor of the

motion to have these experiments made.

The President :—Part of this discussion is somewhat out of order,

but very interesting. There is a motion before the convention, made by

Mr. Moore, and seconded, to the effect that the Committee during the

ensuing year consider the matter of obtaining further information with

respect to the impact formula. It might be well, before we get ofif that

particular subject, to call for the question on that motion.

Mr. Moore:—-It is the main subject I am interested in, rather than

the particular form of the motion, and the main point is that I should like

very much if this Committee were empowered in some way, and fur-

nished with sufficient monej', to make impact experiments, and that this

Association make it one of the main objects of its existence to keep

at this matter until such experiments as are made shall be conclusive

of something, and shall with certainty define the limits of our knowledge.

As it is now, the matter is in such a nebulous and unsatisfactory condi-

tion that we, as engineers, should not remain satisfied with it. For

myself, I am willing to modifj' my motion to the effect that this Associa-

tion will back up the Committee in making these experiments—that it is the

sense of the meeting that the Board of Direction be authorized to appro-

priate for these experiments such money as the Committee may need

up to the limits of the ability of the Association.

The President :—Does that change in the motion meet the wishes

of the second? The motion has taken an important form, and if car-

ried, might have the effect of forcing the Board of Direction to spend

ihe entire surplus. The Board has been working hard for several

years to accumulate the surplus.

M'r. Cartlidge :—Would it be out of order to suggest that an esti-

mate of the probable amount of money needed might be given on the

floor here to-night before that action is taken? I do not think it is

the intention of those who are in favor of this motion to .spend the

whole surplus on one year's experiments or two years' experiments. If

it is not out of order, I suggest that Prof. Turneaure be asked to estimate

how much the work would cost for one or two years' experiments.

Prof. Turneaure:—It is not an easy matter to m.ake an estimate of

the cost of what ought to be done. In talking this matter over with

one or two members of the Committee some little time ago, a very

crude estimate was made of the least amount that would be profitable to

put into such work, and that was figured lor the first season at some-
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think like $3,000, and for the second season at about $5,000. I do

not think it would be worth while to begin the work with a less amount

of money in sight than this. That is a very rough estimate, and it

might be very desirable for this Committee to consider the matter

and report at some subsequent session of this meeting.

Mr. Moore :—I would not want to be precipitate in this matter,

and, of course, in anything of that sort we would give the Board of

Direction very great discretion, but, subject to the good judgment and

discretion of the Board of Direction, I would suggest that the Asso-

ciation authorize them to go ahead to such an extent as seems proper

under the conditions which arise.

The President :—Within the last eighteen months there has been

some earnest effort made to interest some of the larger railroads in this

country in contributing to a fund for that very purpose, but so far

Avithout definite success, although the parties having it in hand have

not given up all hope that they could obtain donations from various

large systems, creating a fund and a special commission that would

take this very subject in hand.

Mr. Moore :—Is this not a case in which the Lord will help those

who help themselves? If we show ability to inaugurate and carry

on such experiments, others who are interested in the experiments may
be willing to contribute.

Mr. Schneider :—I am opposed to spending any of this Association's

money for this purpose. I think the parties who should furnish the

necessary funds should be those for whose benefit the experiments are

made, viz., the railroad companies. If we spend our own time on com-

mittee work without hope of fee or reward, we are certainly contrib-

uting our share.

Mr. Robinson :—I think the railroads have done considerable in

standing the expenses incident to the work of this Association. I believe

that many of the roads are vitally interested in this proposition. I can see

no reason why we cannot find a solution to this problem, and I am fully

convinced that if the railways are approached properly in this matter,

they will see that sufficient funds are provided to carry out those

experiments. I am fully convinced that, when we know the exact effect

of impact on our bridges, they can be so designed that a bridge

with a ballast floor can be built which shall cost less money per running

foot of span than the bridges we are building to-day—impact or no

impact. I believe that the railroad companies will furnish all that is

necessary over and above what the Association management feels that

it can spare. I hope that the motion will go forward.

Mr. A. F. Reichmann (American Bridge Company) :—I do not think

it would be right for this Association to spend any large amount of money

in determining an impact formula. There may be other sections of the

Association that might call on us to spend money—for reinforced con-

crete, for example—for special experiments.

Mr. W. H. Finley (Chicago & Northwestern) :—I very much ques-
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tion whether it would be wise to spend any amount of money in the

attempt to determine the effect of impact on raih'oad bridges. There

are so many factors entering into the question that I am satisfied

it would be impossible to deduce any rational formula from such experi-

ments. The condition of the track at each end of the bridge, the counter-

balancing of the locomotive and the condition of the piers would all

tend to change the result in structures otherwise identical. As an

academic proposition it no doubt possesses some interest, but I do not

believe that any series of experiments would cause us to regret the

allowances we have made to cover this contingency in the past, or

seriously change our present practice.

Mr. Schaub :—I would Hke to amend the motion, in view of what

Mr. Robinson said. I do not think it is right for this Association to

spend its surplus, for the reasons stated by Mr. Reichmann—there are

ether committees in this Association that ma}- want to have the surplus

spent for them in making experiments. It seems to me that Mr.

Robinson has the right view of the matter—that if the railroad companies

are approached in the proper way, they will be willing to meet the

Association and provide the funds necessary to cany on the experiments;

and unless some experiments are made, we will never make any progress

in regard to this question of impact. If I may be permitted to make

an amendment to the motion, I will move that it is the sense of this meet-

ing that this question be referred back to the Committee to ascertain

whether it is possible to obtain funds by the method suggested by Mr.

Robinson; that is, in approaching the railroads interested in the ques-

tion, and carrying on a scries of experiments by the Committee itself, and

report their results by means of progress reports, from lime to time, to

this Association.

Mr. Moore :—My motion was, in substance, perhaps not in form,

that this matter be referred back to the Committee, with the request that

they initiate experiments which shall determine the facts of this question,

and that the Board of Direction be authorized in their discretion to

furnish funds for this purpose. I think the movement, after we inaugurate

it, will get very general support. It may be that we shall begin only on

a very modest scale. We can certainly spare the three thousand dollars

which Prof. Turneaure mentions, and after that is spent, the railroad

companies, when they see the experiments inaugurated and in responsible

hands, and under the auspices of this Association, will be much more
likely to take the matter up than they would if we had not begun, so that

it appears to me that the motion as I originally made it is in correct form.

Mr. Schaub :—If Mr. Moore will put it in shape r,o as to leave it at

the discretion of the Board of Direction as to v/here the funds are to

come from, I will withdraw my amendment.

Mr. Moore :—I should leave the Board of Direction with ample dis-

cretion in that matter, only I should wish some instructions from the

Association that they do something to inaugurate these experiments.

Mr. Churchill :—I would suggest as an amendment to Mr. Moore's
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motion that this Committee be authorized to make an estimate of how

much these experiments would cost, charged up against the railroads

according to mileage, and that they be authorized to write each railroad

represented in the Association and ascertain if each railroad will not stand

its proportion of the cost on a mileage basis—it would probably not cost

more than five or ten cents a mile from each railroad to carry out this

whole work. I feel quite sure the company I represent will stand for

it, and I think any other railroad will, as it will be a small sum for each

railroad, after all.

Mr. Loweth :—The result of the amendment would be to put off this

work for another year.

Mr. Churchill :—I do not think it would. I am simply giving the

means to secure more than three thousand dollars.

Mr. Loweth :—It would not be possible to make an estimate, place it

before the railroad companies and accomplish much before the next con-

vention. It seems to me it could be well combined v/ith the previous

motion, and, if it is feasible to do that, I would suggest that Mr. Churchill

and his second withdraw the amendment and Mr. Moore include it in

his motion.

Mr. Moore :—I am somewhat at a loss to see how that can be done.

My own thought is not to exclude the railroads ; in fact, I think they

ought to join in it, and I feel sure they will join in it. My thought is that

they will be more apt to join in the undertaking after the Association

starts it—even in a tentative and limited way. Prof. Turneanre men-

tioned the sum of three thousand dollars as an amount which would be

sufficient to begin the experiments, and I feel sure that the railroads

would take it up. I cannot conceive of any state of mind in which they

would decline to take it up if it was presented to them by such a body

as this. But I think this Association should begin the work, and there-

fore it is more for the purpose of having the experiments begun that I

feel disposed to insist on a vote on my motion as originally put, not ex-

cluding the further motion afterward that the Committee call for such

assistance from the railroads as they may think best.

Mr. Snow :—We seem to be talking a good deal about really what is

not going to amount to anything, I am afraid. I will take you into my
confidence a little and tell you that what you are talking about is exactly

what the Committee are intending to proceed to take up, but you are

forcing our hands a little by this way of getting at it. We have not

considered the matter in Committee as yet, but we have hope before leav-

ing Chicago to consider .the matter, and we were intending to see if the

Board of Direction would appropriate any money for the purpose. If

they will not appropriate the money we will try to find it somewhere else.

It seems to me, if you will leave the whole matter for us to work out,

we can accomplish what you are trying to get at. We should not expect

the Board of Direction to appropriate this money unless it was wise in

their judgment to do it. It looks to me, in the light of what has been

said, that it might be opening the door to trouble in the future. I assure
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\'Oii, without ?iny compelling motion or anything of that sort, the Com-

mittee will do the best it can to carry out the very thing Mr. M'oore

suggested when he .started.

Mr. Moore:— I am glad to hear that expression from the Committee

and will take great pleasure in withdrawing my motion and leaving the

whole matter in the hands of the Committee and the Board of Direction

—

with the explanation Mr. Snow gives, I cheerfully do that.

Mr. A. S. Baldwin (Illinois Central) :—I think Mr. Churchill made a

practical suggestion in regard to this matter. It is desirable that experi-

ments of this kind shall be carried on. It is practically impossible that the

Association should furnish the funds. If we leave it to-night with the

understanding that it be left to the Board of Direction as to whether or

not this money will be furnished from the funds of the Association, we
can take it as a foregone conclusion, from the sentiment expressed so far,

that it is not going to be done. By way of getting an estimate of the cost

of this, suppose we take an outside figure, say, five thousand dollars, and

put it up to the railroads to furnish that amount of money pro' rata, with

the understanding that if the Association is able to show in another year

that these experiments are valuable and further experimentation is needed,

they will call on the railroads for a further appropriation. The sum will

be relatively small, and I believe the railroad companies will furnish it.

I think, however, that the Board of Direction should take that up with the

railroad companies, and believe they will get results which will establish a

precedent which will be vahiable for us to have established. The railroad

companies are the direct beneficiaries of these experiments, and this Asso-

ciation, in the years to come, can do most valuable work in the way of

getting appropriations from railroad companies for just such experimental

work, and I believe you will be able to do it.

Mr. McDonald :—I desire to make a motion in lieu of all other mo-

tions, that the Committee be requested to inaugurate as soon as possible

and push to an early completion an exhaustive series of experiments on

the subject of impact, and to submit, as the result of such experiments, a

formula for impact ; and further, that the Board of Direction be requested

to provide the necessary means for such experiments in such manner as

it may deem advisable.

Mr. Schneider :—As a meml)er of the Committee upon whom the duty

will devolve to m.ake the experiments, I will ask Mr. McDonald about

how much time he is going to give us?

Mr. McDonald :—As much time as necessary—the motion does not

prescribe any time limit.

Mr. Schneider:—Judging from my own experience, it will take many

years and thousands of experiments before any practical results can be

obtained. The conditions under which these various experiments have to

be made are so variable that after many years of labor we may obtain some

rough approximations, which perhaps will be no closer than those which

we already have, excepting that they will cover a greater variety of cases

and conditions.

17
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M'r. McDonald:—I do not think it is to the interest of this Association

to consider this question for five or six hours each year, and even if it

takes ten years, the sooner v^e begin the better.

(The motion of Mr. McDonald was carried.)

The President :—The question of impact having been settled tempo-
rarily, we will proceed with the balance of the Committee report. The
changes in the remainder of the report are such that they can be disposed

of very quickly.

Mr. Snow:—"(115) Rivet Holes.—When general reaming is not re-

quired, the diameter of the punch shall not be more than one-sixteenth-

inch greater than the diameter of the rivet, nor the diameter of the die

more than one-eighth-inch greater than the diameter of the punch.

Material more than three-quarters-inch thick shall be sub-punched and

reamed or drilled from the solid."

(The paragraph was adopted.)

Mr. Snow:—"(116) Punching.—All punching shall be accurately done.

Drifting to enlarge unfair holes will not be allowed. If the holes must
be enlarged to admit the rivet, they shall be reamed. Poor matching of

holes will be cause for rejection."

(The paragraph was adopted as read.)

Mr. Snow:—"(117) Sub-punching and Reaming.—Where general

reaming is required the punch used shall have a diameter not less than

three-sixteenth-inch smaller than the nominal diameter of the rivet.

Holes shall then be reamed to a diameter not more than one-sixteenth-

inch larger than the nominal diameter of the rivet."

(The paragraph was adopted.)

Mr. Snow:—-"(118) Reaming after Assembling.—Reaming shall be

done with twist drills, after the pieces forming one built member are

assembled and firmly bolted together. K necessary to take the pieces apart

for shipping and handling, the respective pieces reamed together shall be

so marked that they may be reassembled in the same position in the final

setting up. No interchange of reamed parts will be allowed."

(The paragraph was adopted.)

Mr. Snow:—"(119) Burrs.—The outside burrs on reamed holes shall

be removed."

(The paragraph was adopted.)

Mr. Snow:—"(120) Edge Planing.—Sheared edges or ends shall,

when required, be planed at least one-eighth-inch."

(The paragraph was adopted.)

Mr. Snow:—"(126) Connection Angles."—We have changed this

paragraph to read : "Connection angles for floor beams and stringers shall

be flush with each other and correct as to position and length of girder.

In case milling is needed or required after riveting, the removal of more
than one-sixteenth-inch from their thickness will be cause for rejection."

(The paragraph was adopted.)

Mr. Snow:—"(132) Field Connections.—Holes for floor beams and

stringer connections shall be sub-punched and reamed with twist drills
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to a steel templet one inch thick. Unless otherwise allowed, all other

field connections shall be assembled in the shop and the unfair holes

reamed, and when so reamed the nieces shall be match-marked before

being taken apart."

(The paragraph was adopted.)

Mr. Snow:—"(133) Eye-bars."—We have changed this paragraph to

read: "Eye-bars shall be straight and true to size, jind shall be free from

twists, folds in the neck or head, or any other defect. Heads shall be

made by upsetting, rolling or forging. Welding will not be allowed. The

form of heads will be determined by the dies in u?e at the worko where

the eye-bars are made, if satisfactory to^the engineer, but the manufacturer

shall guarantee the bars to break in the body when tested to rupture. The

thickness of head and neck shall not vary more than one-sixtecnth-inch

from that specified. (See 160.)"

(The paragraph was adopted as amended.)

Mr. Webster:—Referring to Mr. Theodore Cooper's recent paper,

showing the permanent elongation in pin holes at loads much below the

elastic limit, it is desirable to have some information from the Com-

mittee, as there is a variance in the {)resent specification. Some state that

an excess in the head of 30 per cent, is satisfactory, and others that 40

per cent, is required. I would like the Committee at a later date to

report to the Association as to their view's on the excess in the head.

They have not covered that point except in a general way.

Mr. Snow:—The Committee will be glad to take that subject up in

detail in its next report.

''(134) Boring Eye-bars.—Before boring, each eye-bar shall be prop-

erly annealed and carefully straightened. Pin holes shall be in the center

line of bars and in the center of heads. Bars of the same length shall be

bored so accurately that, when placed together, pins one-thirty-second-inch

smaller in diameter than the pin holes can be passed through the holes at

both ends of the bars at the same time without forcing.''

(The paragraph was adopted.)

Mr. Snow:—"(135) Pin Holes.—Pin holes shall be bored true to gages,

smooth and straight, at right angles to the axis of the member and

parallel to each other, unless otherwise called for. The boring shall be

done after the member is riveted up."

(The paragraph was adopted.)

Mr. Snow:—"(143) Pilot Nuts.—Pilot and driving nuts shall be fur-

nished for each size of pin, in such numbers as may be ordered."

(The paragraph w^as adopted.)

Mr. Snow:—"(144) Field Rivets.—Field rivets shall be furnished to

the amount of 15 per cent., plus ten rivets in excess of the nominal num-

ber required for each size."

(The paragraph was adopted.)

Mr. Snow:—"(154) Starting Work in the Shop.—The purchaser shall

be notified well in advance of the start of the work in the shop in order

that he may have an inspector on hand to inspect material and workman-

ship."
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(The paragraph was adopted.)

Mr. Snow:—"(157) Shop Plans.
—

'llic purchaser shall he furnished

complete shop plans."

(The paragraph was adopted.)

Mr. Snow:—"(158) Shipping Invoices.—Complete copies of shipping

invoices shall be furnished to the purchaser with each shipment."

(The paragraph was adopted.)

Mr. Snow:—"Section XI. Full-sized Tests. (159) Tests to Prove

Workmanship.—Full-sized tests on eye-bars and similar members, to prove

the workmanship, shall be made at the manufacturer's expense, and shall

be paid for by the purchaser at contract price, if the tests are satisfactory.

If the tests are not satisfactor3% the members represented by them will

be rejected."

(The paragraph was adopted.)

Mr. Snow :—In regard to paragraph 160, which takes the place of the

one amended last year by vote of the Association, we have considered it

as well as we are able ; we have had considerable discussion over the

amendment and we present the version as printed in Bulletin 71 as the

best we can do. It is as follows

:

"(160) Eye-bar Tests.—In eye-bar tests, the fracture shall be silky,

the elongation in 10 ft., including the fracture, shall be not less than 15

per cent., and the ultimate strength and true elastic limit shall be recorded.

(See 133)"'

(The paragraph was adopted.)

Mr. Khuen :—I would like to go back to paragraph 132. In the second

part of the paragraph it says, "Unless otherwise allowed, all other field

connections shall be assembled in the shop and the unfair holes reamed,

etc." This is not specific enough. When a contractor is asked to bid on

this specification, he cannot fix his shop cost unless he can cover himself

for the assembling of this work in the shop, and that adds consid<;rably to

the cost. It seems to mc this should be stated as follows : "If the

assembling of the field connection in the shop is specifically called for in the

invitation to bid, all other main field connections shall be assembled in the

shop and the unfair holes reamed, and when so reamed the pieces shall

be match-marked before being taken apart."

Mr. Snow :—This indefinitencss almost necessarily occurs in various

places in the specification, where it is necessary to allow for a difference

in practice. The fact has been called to the Committee's attention quite

recently that this indefiniteness rendered the specification non-workable

under certain conditions. I can see very clearly that it is so. For instance,

if a General Manager of a railroad puts out this specification to a

bridge company to build a bridge by, there are a number of points left

open. It has been under contemplation to pick out all these elective

features, as you might call them, and try to group them in some way

so that they would have to be referred to specifically by the buyer of the

bridge. The matter has not been under consideration by the Committee

long enough so that we are able to formulate anything for your con-
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sideration that is satisfactory to us. I feel that we must beg your

permission to leave the specification as it is until we can segregate these

features and put them in some sort of shape to present to you. It is

a harder subject than appears on the surface. The Committee would like

suggestions from the floor in regard to this matter—whether it would

be preferable to make two independent specifications or have a single

specification, fixed, definite and precise, and then have something in the

nature of an addendum, perhaps, covering these clauses that are optional,

with a statement in the front part of the specification calling attention

to them, stating that the buyer must make his decision on those points

before putting the specification into the hands of competitive bidders.

The specification, if used by the engineer who designs his own bridges,

is all right ; he does not need any definition, but its use by competitive

bidders rather calls for modifications.

Mr. Schneider:—In view of the fact that many of the discussions

on these specifications have come in too late to be properly considered

by this Committee, and in view of the fact that many members on the

floor have made motions regarding subjects to be referred back to the

Committee for consideration, we fear our work is not quite completed,

and for that reason I would make a motion that the report be referred

back to the Committee, with the request that the Committee report to

the Association at the next annual meeting.

The President:—The chair desires to say that if this motion carries,

it will exclude these specifications from publication in the Manual of

Recommended Practice.

Mr. Condron :—^The specifications for material and workmanship

have, I believe, been incorporated in the Manual of Recommended Prac-

tice, as they were laid before us a year ago. I do not know whether

Mr. Schneider intends by his motion to have them withdrawn entirely

from the ^lanual or whether he only meant that no amendment to that

specification be adopted at this time.

Mr. Schneider :

—

"Sir. Condron made a motion requesting this Com-

mittee to consider certain questions in reference to quality of material.

Mr. Condron :—I only want to have it made clear, if the Committee

had in mind that that should be withdrawn.

Mr. Schneider :—The Committee does not feel as if its work was

completed.

Mr. McDonald :—I hope the motion of the gentleman will not pre-

vail, on account of the fact that the questions which have provoked

the most discussion have been referred back—that is the question of

impact and the question of increasing the ultimate strength of structural

steel. There seems to have been no other questions, except those which

have been left to the proprietor to decide before he submits the specifica-

tion to the contractors, and I think if the Committee will rewrite the sen-

tences in which the words in italics appear, or put a footnote at the

bottom as to which of these sentences are optional and must be decided
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beforehand, then the specification will be in shape with the exception

of the two paragraphs which have already been referred back to the

Committee.

Mr. Webster :—As I understand it, the first part of the specifications

have been accepted to-night, and if Mr. Schneider will withdraw his

motion, I will move that the second part be accepted also. We appre-

ciate that the specifications are in better shape than they were a year

ago. The Committee has done good work, and the members of the

Association should be able to avail themselves of that work, it being

understood there may be modifications a year hence ; but it would be

a great mistake not to publish the specifications as they now are. Foot-

notes can be put in the report, saying that certain matters are now being

considered. I hope Mr. Schneider will withdraw his motion.

Mr. Moore :—I appreciate very highly the value of the work of

this Committee. I think while we acknowledge it is not in all respects

complete, in very many respects it is as complete as such work can be.

It is work which from the very nature cannot be finished up forever;

but I think that in the form in which it is, with such footnotes as are

necessary, it would be of great value to every member of the Association,

and that therefore the report should be published.

Mr. Loweth :—I am partly in accord with Mr. Schneider's motion

and partly in accord with what has been suggested. I believe inasmuch

as the second part of the specifications have already been printed in the

Manual of Recommended Practice, that the second part of the specifica-

tions as revised by the Committee may well go into the Manual of

Recommended Practice again ; but I would be in favor of referring

back to the Committee to report a year hence the first part of the

specifications. If it is in order, I move to amend the previous motion

to that effect.

The President :—Mr. Webster is correct. The first part of the

specifications were adopted by the Association as read. It will, there-

fore, be necessary to reconsider the action of the convention before

we can take a vote on Mr. Schneider's motion or any other motion.

Mr. Webster:—If the Committee desires to reconsider that as a

whole, I have no objection.

The President :—The second part has not received official endorse-

ment; the first part has.

Mr. Schneider:—I withdraw my motion as far as the first part is

concerned.

Mr. Webster :—Mr. Schneider having withdrawn his motion, I move

that the second portion of the Committee report be accepted as read.

Mr. Snow :—It strikes me the only difficulty here is in printing

this specification in pamphlet form, as we now have it with these mani-

fest defects in it. I wonder if we could have permission to cure these

defects, and then print the specification without formal vote of the

Association, which, of course, could not be had until a year from now?
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Mr. Webster :—Why not ? When it is printed, let the Committee

say they have considered the points referred to it, and their action

is as follows. We can put that to a vote now. We want to make

progress, and if the Committee does good work, we want to get the

use of it.

Mr. Schneider :—As a member of the Committee, I am not very

anxious to have the Association adopt our report at this time. The

specifications are printed in the Bulletin and can be used in their present

shape by those who wish to do so, with perhaps some individual modi-

fications.

Mr. Reichmann :—In reference to bringing up these points in the

convention as to what shall be used in certain contracts, that is merely

a matter of transposing the specifications, and I do not see why the

Association should object to permitting the Committee separating the

different clauses.

Mr. Snow :—If we are at liberty to do that, I do not see any

objection to accepting Mr. Webster's motion.

(The motion of Mr. Webster was carried.)

Mr. Reichmann :—I move that the Committee be authorized to trans-

pose the specifications in such manner as to avoid any ambiguity as

to workmanship by separating the different grades of workmanship.

Mr. Loweth :—I think the convention ought to instruct the Com-

mittee as to whether this clause calling for the highest character of

workmanship shall be left in the specification or put in the addendum.

Shall we write our specification for the cheapest quality of work and

put the better quality of v.ork in the addendum, or vice versa?

Mr. Snow :—I hope that question will be left to the Committee. It

is a knotty question and hard to decide offhand.

The President :—I think a question of that kind can best be left

to the Committee and to the Publication Committee, without changing

the sense of the specification passed. They may want to clarify the

construction of some of the sentences or put in some notations explana-

tory of the text.

Prof. W. D. Pence (Purdue University) :—Is it not a fact that

during the past year, in the preparation of the Manual of Recommended

Practice, the Board of Direction has felt authorized to have such edi-

torial revision and recastings made as would make the Manual pre-

sentable as a unit, and would not this come under that head?

The President:—It would, and that is the idea in mind. There

are some slight changes to be made on page 5 of the Committee's

report, which will take but a few moments.

Mr. Snow :—The Committee has changed the title to the intro-

ductory from the 1905 version to read as follows : "Recommended

Practice in Contracting for Steel Railroad Bridges."

The second paragraph has been changed to read : "That it is

preferable to invite bids on a pound price basis ; and, if desired, alternate



264 IRON AND STEEL STRUCTURES.

bids may be asked for the work, f o. b. cars, and for the work erected.

That a lump sum bid is inadmissible, unless general detail plans and

specifications are furnished."

The fifth paragraph has been changed to read: "'J'hat it is pref-

erable in all cases that the railroad company furnish and lay the floor

timber."

(The changes were adopted aS read.)

The President :—We have completed the consideration of the report,

and will relieve the committee with the thanks of the association.



REPORT OF COMMITTEE NO. XL—ON RECORDS,
REPORTS AND ACCOUNTS.

To the Members of the American Railzcay Engineering and Maintenance

of Way Association:

Your Committee received notice of its appointment on May 19, 1905.

Three general meetings of the Committee have been held. The

attendance was very poor. During the past j-ear the railroads have been

very busy and the members of the Committee have generally excused

themselves from work on the ground of being too busy.

The first meeting was held at the office of the Association in Chicago,

August 9, 1905. In a three-hour conference in regard to the work it was

decided to address a circular letter to the important railroads of the

country, requesting information in regard to the different subjects under

discussion by the Committee. A number of replies were received to this

circular, but the majority of roads, including the largest systems, failed

to forward the information desired.

The second meeting of the Committee was held October 14, 1905, in

Philadelphia, Pa., at the office of the Chief Engineer of the Philadelphia

& Reading Railway.

The entire work of the Committee was considered and on account

of the members of the Committee being so widely separated geographically,

it was decided to refer the different subjects to sub-committees, as

follows

:

Ledger Accounts : J. B. Austin, Jr., Paul Jones.

System for Office Records of Bridges : V. D. Simar, B. T.

Elmore.

Conventional Signs for Right-of-Way Maps : R. L. Huntley,

W. Archer.

Progress Profiles : E. K. Woodward.

Track Charts : J. G. Bloom.

The third meeting of the Committee was held at the office of

the Association in Chicago on December 21.

The several meetings were attended by Edwin F. Wendt, chairman;

J. E. Turk, E. K. Woodward and J. B. Austin, Jr.

265
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BRIEF REVIEW OF REPORT OF 1905.

The general purpose of the last report was to review, revise and

supplement all matter adopted previous to that time and considered

suitable for publication in the Manual of Recommended Practice.

The conclusions adopted by the Association give the clearest idea

of the nature and extent of the report. These conclusions are contained

in the Manual of Recommended Practice, pp. 83-121, inclusive, and are

also printed in Vol. 6, page 656, as follows

:

CONCLUSIONS.

(i) The following standard forms are considered essential and

recommended as the special forms for a regular working Maintenance

of Way Bridge Department

:

Report of Foreman of Bridges M.W. 1000, Vol. 5, page 247
Monthly Bridge Material Report M'.W. looi,
Foreman's Diary, Bridge Department M.W. 1002,
Bridge Department Tool Report M.W. 1003,
Structure Report M-W. IC04,

Current Bridge Inspection Report M.W. 1005,

Summary Current Bridge Inspection Report. .M.W. 1006,

General Bridge Inspection Report M.W. 1007,

(2) In Bridge Inspection there should be a clear distinction made

between Current Inspection and General Inspection. The purpose of the

Current Inspection is to keep the structure in safe condition, to promptly

discover any defects and to report the same promptly, so that repairs

can be made before the safety of the structure is affected. It is important

that a simple record should be made while at the bridge and that the

superior officer be kept advised of all such inspections promptly, whether

made by a Bridge Mechanic, Gang Foreman, Division Bridge Inspector,

Master Carpenter or others.

The purpose of the General Inspection, frequently called the annual

inspection, although in many cases conducted semi-annually or even

quarterly, is not only to check the maintenance work of the division

organization, but to make a more careful investigation of important

bridges and structures on the entire road, and, further, to ascertain

and settle what extensive repair work or renewal work should be done

in the following working season.

(3) Tbe general forms of the railroad should be used in all depart-

ments, including Bridge Department, as far as applicable, for exarnple,

one form for reporting time should be used in all departments, the form
being designed accordingly.

(4) Bridge records, when properly kept up to date in an accurate

manner, will prove of the highest value to railroads and are essential

for any system of complete and proper bridge records. However, forms

5
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in connection with bridge records are not specially necessary for a Bridge

Department, but are necessary generally for the compilation of records

for several departments, and hence these forms are not recommended as

standard special Bridge Department forms.

(5) Numerous minor special forms are used on all railroads for

reporting information necessary to keep bridge records up to date, but

such forms should be regulated by each individual railroad according

to its peculiar requirements, and hence no standard forms for this purpose

are recommended.

(6) Duplicate copies of Record Books and maps, particularly right-

of-way maps, should be kept in quite widely separated localities, so that

the trouble and expense of reproducing the same will be greatly reduced

in case of fire or accident.

(7) Records.—Records consist of information or data in graphical,

tabular or statement form, relating to the physical characteristics, condi-

tion, cost and such other information as may seem desirable for record.

(8) Reports.—Reports consist of the medium through which in-

formation is transmitted from a subordinate official to a higher official

and from which records and accounts are prepared or compiled in the

filing office.

(9) Accounts.—Accounts cover all statements required to enable

payments to be made for labor performed and material furnished and all

statements necessary in order to establish the detail, total and compara-

tive cost of work and various classes of expenses-

(10) The "General Labor Report" or "Time Book" form, M.W.
locS, is recommended as a standard form for use by ail employes or

working gangs in a Maintenance of Way and Structure Department.

(11) The "Monthly Track Material Report," form M.W. 1009, con-

taining the necessary information for keeping a proper check on material

received and used, is recommended as a standard form.

(12) Right-of-Way Maps should be prepared and kept in general

in accordance with form M.W. loio, which is recommended as a standard

form for Right-of-Way Maps.

In connection with the illustration of Right-of-Way Maps, the fol-

lowing descriptive matter should appear

:

"Maps showing right-of-way in cities and boroughs should be drawn

to a scale of 100 ft. to one inch. Maps showing right-of-way outside of

municipalities may be drawn to a scale of 400 ft. to one inch. They

should be prepared, generally, as shown in the illustration. They should

be made in separate sheets for convenient handling, and the width of

sheets as a rule should not exceed 18 in. The length of sheets will be

determined generally by the size of the printing frame.

"Right-of-way sheets may be preserved in one of three ways:

"(i) The sheets may be bound together into an atlas.

"(2) They may be bound loosely in board covers so that the

sheets may be easily removed and corrected and replaced.

"(3) They may be preserved as separate sheets and filed in

regular order."
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(13) The custodian of deeds should keep a Register of Title Deeds

in accordance with form M'.W. 101 1, which is recommended as a standard

form for Register of Title Deeds.

Under the head of "Register of Title Deeds'" should appear the

following descriptive matter:

"Deeds are filed with the Chief Engineer, the Real Estate Agent or

the Secretary of a railroad company, according to individual practice.

"The Custodian of Deeds should keep a register of Title Deeds in

accordance with the form illustrated.

"Deeds should be numbered consecutively, No. i, 2, 3, etc., in the

order of their receipt by the railroad company ; then forwarded to the

proper officer to record on right-of-way maps ; then returned by the

Chief Engineer to the Custodian of Deeds with notation thereon that

the deed has been properly entered, after which all deeds should be

filed in numerical order in a fireproof vault."

(14) The Custodian of Leases should keep a Contract and Lease

Record Book in accordance with form M.W. 1012, which is recommended

as a standard form for a Contract and Lease Record Book.

Under the head of "Contract and Lease Record Book" should appear

the following descriptive matter

:

"The Custodian of Leases should keep a Contract and Lease Record

Book, containing in the body of the book a full record of the lease in

accordance with the form illustrated.

"In the back part of the book twelve pages for the twelve months

should be ruled into columns for years.

"Leases should be numbered and filed in numerical order, by road,

branch or division in a fireproof vault.

"Immediately after the receipt of a lease it is entered in the body

of the book, the lease number should be entered under the year on the

proper month page when it expires.

"The names of the lessees should be indexed alphabetically in the

front of the book, and each lease should be indexed by the station name.

"A few pages in the back of the book should be used for the purpose

of keeping a record of the leases removed from the files."

REVISION OF MANUAL OF RECOMMENDED PRACTICE.

On April 3, 1905, President Kelley issued a circular requesting the

members of the Association to criticise the definitions which had been

adopted at the last convention.

On page 83 of the Manual appears a definition of the term "Reports:"

"Reports consist of the medium through which information is trans-

mitted from a subordinate official to a higher official and from which

records and accounts are prepared or compiled in the filing office."

Mr. Hunter McDonald, Past-President, suggests that the first three

words be cut out and Mr. H. J. Slifer suggests that the wording "subor-
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dinate official to a higher official" be changed to read "one to another

official." The definition with the changes will read

:

"Reports.—The medium througli which information is transmitted

from one to another official and from which records and accounts are

prepared or compiled in the filing office."

On page 83 of the Manual is also printed the definition of the word

"Records :" "Records consist of information or data in graphical, tabular

or statement form relating to the physical characteristics, condition, cost

and such other information as may seem desirable for record."

Mr. Hunter McDonald suggests that the first three words be omitted.

The definition will then read:

"Records.—Information or data in graphical, tabular or statement

form relating to the physical characteristics, condition, cost and such

other information as may seem desirable for record."

On the same page appears the definition of the term "Accounts
:"

"Accounts cover all statements required to enable payments to be made

for labor performed and material furnished, and all statements necessary

in order to establish the detail, total and comparative cost of work and

various classes of expenses."

Mr. Hunter McDonald suggests the following revision :

"Accounts.—Statements required to enable payments to be made for

labor performed and material furnished, or to establish the detail, total

and comparative cost of work and various classes of expenses."

The Committee has approved the above changes and is exceedingly

anxious to obtain from the members further information in regard to

the other subject matter contained in the Manual of Recommended

Practice.

GENERAL PURPOSE OF REPORT OF 1906.

The general purpose of the present report is to consider the subjects

of Records, Reports and Accounts under five sub-headings as follows

:

(i) Ledger Accounts for Individual Pieces of Work.

(2) System for Maintenance of Way Office Records of Bridges

and Culverts.

(3) Recommended Standard Conventional Signs for Right-of-Way

and Topographical Maps.

(4) Progress Profiles.

(5) Track Charts.
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HISTORICAL.

The Committee has no historical matter to submit in connection

with the above subjects. It is very difficult to trace the origin and

development of forms, methods or practices in regard to the subjects

under discussion. For previous historical matter see Vol. 5, pp. 243

and 244, and Vol. 6, pp. 633, 666 and 667.

LEDGER ACCOUNTS FOR INDIVIDUAL PIECES OF WORK.

Definition : "Statements kept in ledger form in order to establish

the detail, total and comparative cost of any particular work or class of

expenses."

In 1903, the position of the Committee in regard to Ledger Accounts

•was as follows

:

"There being no agreement among maintenance engineers, regarding

the value of Ledger Accounts, the Committee feels justified in taking

the position that the record of cost of annual maintenance for each

individual structure is desirable and will prove valuable information if

accurately and continuously kept for a long term of years, but does not

think such information is absolutely essential and, therefore, no special

blank or form for the purpose is recommended for adoption. (See Vol. 5,

page 229.)

"It is recognized that the Division Engineer, or Assistant Engineer

or Engineer of Maintenance of Way will wish more detailed information

than is given to the Accounting Department, for the reason that he has

to keep track of the cost of the work and equip himself to furnish

estimates of the cost of future work The Chief Engineer's

office will desire additional information not required by the Accounting

Department in the way of records, and reports of the different Supervisors

of Track, Buildings, Bridges, Signals and Water Supply should always

be designed to furnish the information desired by these higher officers

without multiplying the number of the reports L^nit costs of

work are essential in any system, according to which statements and

appropriations must be made before work can be undertaken, as the unit

cost of the executed work under known conditions is practically the

only basis on which a correct estimate of proposed work can be made."

(See Vol. 5, pp. 263 and 264.)

There is a general agreement among both constructing and mainte-

nance engineers that the record of unit costs is essential information for

the guidance of officers who estimate and authorize new work. The

objection to any system of Individual Ledger Accounts is based not on-

principle but rather on the failure of the railroads to insure accuracy

i
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in the accounts. The general principle underlying the system is certainly

correct and since the information derived from these accounts is con-

sidered essential, it is worth while to insist on accuracy and to outline

an organization of the engineer's office, which will bring about the desired

result. The objection based on expense is not well taken, because, if the

principle is correct, the practice should conform thereto.

The replies received to the circular of the Committee indicate a

variable practice and the Committee has undertaken to outline a simple

system under which such accounts may be kept at reasonable cost. An

agreement as to principle having been reached, the problem is to out-

line a system which can be used by all railroads at an expense conunen-

surate with the results. The Committee has heretofore taken a d«;finite

stand in regard to a system for the preparation of Reports and Accounts

for the information of superior officers.

According to this system the original data is sent through the various

channels to the office of the Assistant Engineer, Engineer Maintenance

of Way or Division Engineer, and the clerical force of that office com-

piles the records and reports and accounts for superior officers. This

is the most economical and efficient system known to the Committee.

For a more detailed account of this system see Vol. 3, pp. 388, 396

and 405; also Vol. 5, page 351, remarks of Mr. W. C. Cushing; also

Vol. 6, pp. 636 and 651, of the Proceedings.

In connection with any system of Individual Ledger Accounts two

special forms are required, the first being known as Repair Authority

Blank, or Requisition for Improvement, or Approval of Authority of

Expenditure, or Order for Construction and Repair Work; and the

second being known as the Ledger.

The information collected by the Committee indicated that all rail-

roads follow a system which requires the Engineer to estimate the cost

of proposed additions or improvements and to submit this estimate to

the executive officer for his approval of authority for the expenditure,

in connection with Additions, Betterments or Improvements.

The Committee recommends Authority form known as M.W. 1013,

which is illustrated herewith. Such a form is practically a requisition

for authority to expend money for improvements. It shows in detail

the estimate of the cost of the proposed work, as prepared by the Chief

Engineer or his representative, and is signed by the executive officer in

charge of improvements and is addressed to the officer who will have

charge of the work.



Size 8 X 13 inches. F'orm M. W. 10 13

A. B. & C R. R. CO.

ENGINEERING DEPARTMENT.

^APPROVAL OF AUTHORITY OF EXPENDITURE.

No. Chicago, 111., 19

Mr.

Dear Sir:—
Authority for the following expenditure is hereby approved:

Amount of expenditure $

Chargeable to

Location

Description :

Estimated cost in detail

(Title of approving otficer.)

ORIGINAL STRUCTURE, ETC. (REPLACED)

Estimated Cost of
:

ffor,

Will be used ') at

present valuation

Will be dismantled, material valued at

REMARKS.

*See amendment, page 281.
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The second form required in connection with Ledger Accounts is the

Ledger, which should be of convenient size, of simple design and yet

sufficiently comprehensive to give in moderate detail the items of the

cost of the work. The book would be composed of loose leaves and the

number of leaves would be in accordance with the special requirements

of a particular railroad. Form M.W. 1014, illustrated herewith, is recom-

mended.

SYSTEM' FOR MAINTENANCE OF WAY OFFICE RECORDS OF
BRIDGES AND CULVERTS.

In considering this subject it has been clearly kept in view that, for

the present purpose, the report deals with a Maintenance Office and

not a Construction Office. The two offices may be combined or separated

as the case may be, but the system followed in the Maintenance Office

will have features peculiar to itself.

The Committee gave some study to this same subject in former

years. (See Vol. 3, pp. 361-366.)

An important feature of any system of office records of bridges is

that pertaining to the care and filing of the plans. A most complete

description of the card index system in this respect may be found in

Vol. 3, pp. 366-375. Interesting data in regard to office bridge records

may also be found in Vol. 5, pp. 235, 236, 237, 238, 243, 245, 275 to 284.

The report of 1905 in Vol. 6 contained no subject matter in connection

with this subject. Illustration of the forms used by the Nashville, Chatta-

nooga & St. Louis Railway, in connection with office records of bridges,

trestles and culverts, may be found in Vol. 5, pp. 365, 366 and 367.

Many of the forms received from the railroads, in reply to the

circular of the Committee, relate to the record of monthly bridge

inspections and are not illustrated in this report.

In Vol. 5, page 280, appd^rs an illustration of a trestle record form,

also on page 277 a form to be used in connection with the record of

amount and character of bridges, trestles, culverts and other structures.

This form seems more applicable to the compilation of information for

use in the preparation of reports for the State and Interstate Railroad

Commissions.

On page 275 appears a form used by the Southern Pacific Company

in the Maintenance of Way Department for the purpose of ascertaining

the condition of bridges, viaducts and trestles on a definite date.

On page 281 of the same volume appears a form for use in connec-

tion with the office record of bridges, the same having been prepared by
18



Size 14" X 17"

Authority No 99

Form M. W. 1014

Sheet No. i
A. B, & C, R. R, Co.
RECORD OF COST OF WORK.

Description; Freight Car Repair Shop. Location: McKees Rocks, Pa
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the Committee in 1903 and included in the report as an illustration, but

not as a recommended form.

A number of forms have been received in reply to the circular of

the Committee. They show the present practice of a number of the

large railroads of this country. The practice is decidedly variable in

detail but is singularly uniform in its aim to obtain the desired results.

It should be kept clearly in mind that the subject under consideration is

"System for Maintenance of Way Office Records of Bridges and Cul-

verts."

The present report has no reference to a system for recording the

results of bridge inspections. This subject was very carefully considered

in former reports and the Association adopted the essential forms to be

used, wdiich are as follows

:

Current Bridge Inspection Report Form M.W. 1005

Summary Current Bridge Inspection Report Form M-W. 1006

General Bridge Inspection Report Form M.W. 1007

(See Manual of Recommended Practice, pp. 98-103.)

Any complete system of office records of bridges includes two

features

:

(i) A record of the design of bridges.

(2) A record of the present condition of bridges as shown by

periodical inspections.

The present report deals with the first feature, viz., office records

of the design of bridges.

The term "Bridges" should be interpreted broadly, to include all

structures other than buildings, i. e., structures under the roadbed sup-

porting the traffic. Any office system for recording bridges will apply

equally as well to trestles and culverts.

The ideal system for maintenance of way office records of bridges

and culverts would be as follows

:

(i) The Chief Engineer, or other officer having in charge the

design and care of bridges, trestles and culverts, should keep on file in

his office complete plans of every structure showing all its details, its

location and the physical characteristics of the territory within a reason-

able distance of the structure.

(2) When changes in the design of any structure are made a record

of the changes should be reported to the head office and the record plans

should be at once brought up to date.
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(3) Division officers, having in charge the maintenance of bridges,

should keep on file in their offices bhie prints of the general and detail

plans of all bridges, and these prints should be furnished from the office

of the Chief Engineer or other officer in charge of the design.

(4) Photographs of the record tracings of bridges may be prepared

and furnished to division or other officers for use in the field. These

photographic copies would be of standard sizes and bound in atlas form.

(5) The record of the condition of bridges should be kept in the

office in accordance with the system outlined in the Manual of Recom-

mended Practice, pp. 98-103.

A careful consideration of the entire subject leads to the conclusion

that the system above outlined will insure the most complete, accurate

and satisfactory results at the lowest reasonable cost. The proposed

system is based on the principle that the Chief Engineer's office, should,

at all times, have on file complete, up-to-date plans of bridges, giving

all necessary information for any purpose ; and the further principle that

division officers require and should keep for their information, copies

of the same plans- Incomplete information is frequently very misleading.

The man in charge of the care of bridges, wants at times, information

in regard to every detail of structure and the only way to obtahi this

information is from the record plans. The above system also contem-

plates the use of photographic copies in the field, which can be made at

reasonable cost and which will give original and complete information

in a convenient form for actual use while on the road.

The above system is ideal and complete because it includes an

accurate record both of the design and present condition of bridges.

No special forms or blanks are required in connection with this system

other than those already published in the Manual and none are recom-

mended.

RECOMMENDED STANDARD CONVENTIONAL SIGNS FOR
RIGHT-OF-WAY AND TOPOGRAPHICAL MAPS.

Definition : "Conventional Signs.—Symbols, such as a mark, charac-

ter, abbreviation or letter selected or sanctioned by general agreement

and used to indicate upon a map or plan certain forms, conditions and

objects, both natural and structural."

The idea in the mind of the Board of Direction in assigning this

subject to the Committee was that it would be proper to endeavor to

standardize the signs for various purposes on right-of-way and topograph-
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ical maps, such as Center Line ; Right-of-Way limits ; Water Stations

;

Various Classes of Buildings ; Nature of Ground, whether woody, swampy,

etc. ; Class of Material, such as steel, cast-iron, wood, masonry, concrete,

etc., similar to what the Government and some railroads have already

standardized. Several technical journals and some newspapers have

adopted standard conventional signs and ask their correspondents and

others in preparing plans for publication to use such signs.

The list of recommended signs for the Maintenance of Way Asso-

ciation should not be too elaborate, but should rather be limited to the

most important signs that all railroads necessarily must use. The data

collected by the Committee is valuable and shows a general practice in

respect to Conventional Signs, but the field has not been fully explored

by the Committee and additional data should be collected before any

recommendation is finally made. On this account the Committee submits

for the information of the Association such data as has been collected

and suggests that the subject be referred back to the Committee for

further study next year.

The data collected include illustrations of the signs used by the

following railroads

:

Nashville, Chattanooga & St. Louis Railway.

Central Railroad of New Jersey (2 illustrations).

New York Central & Hudson River Railroad.

Norfolk & Western Railway.

Canadian Pacific Railway.

Illinois Central Railroad.

Also Circular No. 2 of Illinois Central Railroad, which relates to

the standard sizes of plans and conventional signs. Also the standard

requirements for drawings of Pennsylvania Lines West of Pittsburg.
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PROGRESS PROFILES.

Definition : "Progress Profile.—A graphical record of the progress

of work prepared at stated periods."

An appendix to this report will be printed in the next Bulletin

;

it will contain the replies to the circular of the Committee. The in-

formation received shows that the majority of railroads have no stand-

ard Progress Profile.

The Committee recommends for adoption and publication in the

Manual of Recommended Practice form M. W. 1015, illustrated here-

with, to be known as Standard Progress Profile. The illustration has

been tat en from the Progress Profile of the Canadian Pacific Railway;

it shows the progress of all classes of work, including grading, masonry,

superstructure, track, and accessories. The recommended form is very

complete and speaks for itself.

TRACK CHARTS.

Definition: "Track Charts.—A diagram showing the physical charac-

teristics of track and roadbed."

It i;; probably correct to say that all railroads have some form of a

Track Chart. Many are very simple and give only information relating

to rail, ballast, alinement and grades.

A complete Track Chart should show all the physical features of

the road which are of interest to operating officers, such as Superin-

tendents, Trainmasters, Master Mechanics, Assistant Engineers, Super-

visors, €t al. The form illustrated by the Committee, known as M.W.

1016, was received from the Pennsylvania Lines West of Pittsburg and

is considered to be the best example of a Track Chart known to the

Committee. It gives all the information which an operating officer may

possibly want and is in convenient form to be carried in the pocket, on

the private car or in the office.

The purpose of a Track Chart is to enable an operating officer to

know at once, wherever he may be, in the office or on the road, whether

physical characteristics of the road may be affecting operation and mainte-

nance. The form submitted by the Committee fulfills this purpose and

it is recommended for adoption and publication in the Manual of Recom-

mended Practice.
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STANDARD PROGRESS PROFILE.

STANDARD TRACK CHART.
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CONCLUSIONS.

(i) The Committee recommends that the definitions on page 8.3

of the Manual of Recommended Practice be revised to read as follows

:

"Records.^—Information or data in graphical, tabular or statement

form relating to the physical characteristics, condition, cost and such

other information as may seem desirable for record."

"Reports.—The medium through which information is transmitted

from one to another official and from which records and accounts are

prepared or compiled in the filing office."

"Accounts.—Statements required to enable payments to be made
for labor performed and material furnished or to establish the detail,

total and comparative cos-t of work and various classes of expenses."

(2) The Committee recommends for adoption and publication in the

Manual of Recommended Practice the following additional definitions

:

"Ledger Accounts for Individual Pieces of Work.—Statements kept

in ledger form in order to establish the detail, total or comparative cost

of any particular work or class of expenses."

"Conventional Signs.—Symbols such as a mark, character, abbrevia-

tion or letter selected or sanctioned by general agreement and used to

indicate upon a map or plan certain forms, conditions and objects, both

natural and structural."

"Progress Profile.—A graphical record of the progress of work pre-

pared at stated periods."

"Track Chart.—A diagram showing the physical characteristics of

track and roadbed."

(3) Ledger Accounts with Individual Pieces of Work, showing the

detail, total, comparative and unit costs of work are essential in any

system, according to which statements and appropriations must be made

before work involving Additions and Betterments can be undertaken;

therefore Ledger accounts should be kept by the Maintenance of Way
Department showing the cost of authorized work.

Two special forms are required in a simple system of Individual

Ledger Accounts

:

M. W. 1013, "Approval of Authority of Expenditure."

M. W. 1014, "Individual Ledger."

Illustrations of these forms accompanv the report.

(4) No special forms are required in a proper system of Mainte-

nance of Way Office Records of the design of bridges and culverts.

Such records should be kept in accordance with the following system

:

(a) The Chief Engineer, or other officer having in charge the
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design and care of bridges, trestles and culverts, should keep on fi'e

in his office complete plans of every structure showing all its details, iti

location and the physical characteristics of the territory within a reason

able distance of the structure.

(b) When changes in the design of any structure are made a

record of the changes should be reported to the head office and the

record plans should be at once brought up to date.

(c) Division officers having in charge the maintenance of bridges

should keep on file in their offices blue prints of the general and detail

plans of all bridges, trestles and culverts, and these prints should be

furnished from the office of the Chief Engineer or other officer in

charge of the designs.

(d) Photographs of the record tracings of bridges should be pre-

pared and furnished to division or other officers for use in the field.

These photographic copies would be of standard sizes and kept in

atlas form.

(e) The record of the condition of bridges should be kept in

accordance with the system outlined in the Manual of Recommended

Practice, pp. 98-103.

(5) The Committee makes no recommendation in regard to Con-

ventional Signs, except that the subject, after being discussed by the

convention, be referred back to the Committee for further study and

report.

(6) A profile showing complete information respecting the rate

of progress of work pertaining to the different features of a railroad

is necessary, and the standard "Progress Profile," form M. W. 1015,

herewith illustrated, is recommended as good practice.

*(7) A Track Chart showing complete information respecting the

grade, alinement and other physical features of a railroad is necessary,

and the "Track Chart," form M. W. 1016, herewith illustrated, i:

recommended as good practice.

The Committee recommends for adoption by the Association aiu

for publication in the Manual of Recommended Practice, conclusion^

Nos. I, 2, 3, 4, 6 and 7.

Respectfully submitted,

Edwin F. Wendt, Assistant Engineer, Pittsburg & Lake Erie Railroat

Pittsburg, Pa., Chairman.

W. S. KiNNEAR, Assistant General Manager, Michigan Central Railroacv

Detroit, Mich., Vtce-Chairman.

* See amendment, page 2S1.



RECORDS, REPORTS AND ACCOUNTS. 281

W. Archer, Assistant Real Estate Agent, Baltimcre & Ohio Railroad,

Cincinnati, O.

J. B. Austin, Jr., Engineer Maintenance of Way, Long Island Railroad,

Jamaica, N. Y.

J. G. Bloom, Engineer of Maintenance, Chicago, Rock Island & Pacific

Railway, Topeka, Kan.

B. T. Elmore, Assistant Chief Engineer, Tidewater Railway, Norfolk, Va.

R. L. Huntley, Chief Engineer, Union Pacific Railroad, Omaha, Neb.

Paul Jones, Superintendent, Cincinnati & Muskingum Valley Railroad,

Zanesville, O.

V. D. SiMAR, Acting Chief Engineer, Duluth, South Shore & Atlantic

Railroad, Marquette, Mich.

J. E. Turk, Superintendent, Philadelphia & Reading Railway, Tamaqua,

Pa.

E. K. Woodward, Principal Assistant Engineer, Wabash Railroad, St.

Louis, Mo.

H. A. Woods, Assistant Chief Engineer, Grand Trunk Pacific Railway,

Montreal, Canada.

Coiumiltec.

AMENDMENTS.
Amend title of blank form to read : "Approval of Authority for Ex-

penditure."

Conclusion 7 :

—"A Track Chart showing complete information re-

specting the grade, alinement and other physical features of a railroad is

necessary, and the 'Track Chart,' form M.W. 1016, herewith illustrated,

except the conventional signs, which are subject to the later action of the

convention, is recommended as good practice."



APPENDIX.

Supplementing its report published in Bulletin 72, your Committee

on Records, Reports and Accounts submits herewith a summary of

replies received in answer to requests for information on the subjects

of Ledger Accounts for Individual Pieces of Work; System for Main-

tenance of Way Office Records of Bridges and Culverts ; Recommended

Standard Conventional Signs for Right-of-Way and Topographical

Maps; Progress Profiles, and Track Charts.

LEDGER ACCOUNTS FOR INDIVIDUAL PIECES OF WORK.

Illinois Central Railroad, A. S. Baldwin, Chief Engineer.

"We have in use a system of authority blanks covering maintenance

work on bridges and waterways. The system consists of a formal

authority issued from this office covering work other than regular

maintenance work. Each authority bears a specified number, and as

they are issued, record is made of the amount of the authority in a

book provided for that purpose, and the division officers report at the

close of each month to the Auditor of Disbursements the amounts ex-

pended on each authority during the month. These are consolidated in

the Auditor's office and the total amount expended transmitted to this

office as soon thereafter as possible, by the Auditor. When this state-

ment is received from the Auditor it is entered in the before-mentioned

book, sheets from which are enclosed.

"The benefit received from individual ledger accounts is to enable a

sufficient amount of supervision to be kept on expenditures to prevent

division officers from overrunning their accounts. It would be imprac-

ticable to do without this, I believe, on construction authorities and it is

of great value as a check on repair authorities, also."

Philadelphia & Reading Railway, W. Hunter, Chief Engineer.

"Division Superintendents keep a memorandum book of individual

pieces of work, made up from the reports of the Supervisors and Section

Foremen. These items are collected, showing the cost of the particular

work done, as per requisition (form herewith). Under the Account

heading, 'Improvement Expenditures,' they are reported to the Auditor

of Disbursements.

"On the General Ledger only the one account is kept, 'Improvement

Expenditures' (sample page of Ledger herewith).

282
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"A sample page (marked B) of book record kept by Auditor of

disbursements, which is classified according to 'Account Headings' per

classification of Improvement Expenditures, Nos. 250-262, pp. 42-44, of

book of instructions, etc., in effect July i, 1903, which classification also

appears on form 2005-1. Requisition for Improvements and authority for

same (see sections 34 and 35, pp. 120-124, of book above referred to, and

to form 2005-2) giving detail of expenditures per record of Division

Superintendent, which is based on the report in detail of Supervisor and

Section Foremen.

"The above account, 'Improvement Expenditures,' does not include

the cost of constructing new or branch lines, extensions of existing lines,

expenditures for additional rolling stock or marine equipment, nor im-

provements that may have a special earning power. There may be items

of work involving questions of financial policy as to whether they should

be charged to Capital Account in accordance with the usual classification

of Construction Expenses, or whether the property of the road should

be improved out of current earnings and charged to operating expenses,

under account, 'Improvement Expenditures,' other than to merely keep

up the general standard of efficiency; these are disposed of according to

the direction of the management and are charged to specific accounts

as may be arranged."

Nashville, Chattanooga & St. Louis Railway, Hunter McDonald, Chief

Engineer.

"Except in the case of an improvement or betterment, no ledger

accounts are kept of any individual piece of work. Such accounts for

improvements and betterments are kept in the office of the Comptroller,

the entries showing the dollars and cents and the sources of the charge,

such as payroll, store house, road stock, etc.

"I am unable to submit a sample page, but it contains no special

feature.

"We formerly kept individual accounts of all bridges and trestles on

the road, but after 10 years' experience have concluded that it is not

worth while to do so. Our present practice is to keep a complete record

of all work done on each structure, on the forms for bridges, trestles

and culverts, copies of which are enclosed. No effort is made to keep

account of the dollars and cents. The price of material and the efficiency

of labor vary with the demand therefor. The record of the cost of the

work in the past is therefore of little value for work in the future, and

I know of no other use to which individual accounts could be kept."

Louisville & Nashville Railroad, W. H. Courtenay, Chief Engineer.

"Itemized accounts are kept by the Accounting Department of the

cost of the work. I submit a specimen page showing how charges are

made. Charges for such work as that shown are posted to our General

Ledger. This is followed by details of the cost of individual work in

a book which is called Detail Ledger. The specimen submitted is a copy

of a page from the Detail Ledger.
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"The benefit derived from such accounts is to enable us to check

the cost of work. It is often important to know long after a certain

piece of work has been completed what the cost was, and the detail

of the cost."

El Paso & Southwestern System, H. J. Simmons, General Manager.

"We do not keep ledger accounts at present for individual pieces

of work."

Chicago & Northwestern Railway, F. H. Bainbridge, Asst. Chief Engineer.

"All accounts of the Chicago & Northwestern Railway are kept by

the Division Superintendents under the direction of the Accounting

Department."

Canadian Pacific Railway, F. P. Gutelius, Engineer of Maintenance of Way.

"It is not the practice on this railway to keep Ledger Accounts in

the engineering offices. These accounts are kept by the Superintendent's

Accountant and monthly statements, showing amounts expended on each

piece of work are furnished by the Accountant to the Resident Engineer.

This system seems to be satisfactory and we would not recommend
ledger accounts in the engineering office."

Pennsylvania Lines West of Pittsburg, Southwest System, W. C. Cushing,

Chief Engineer Maintenance of Way.

"Structure reports showing detail of material used and cost of labor

are prepared by the foreman in charge of each particular piece of work
on which he was engaged during the month. The reports are approved

by the Master Carpenter or Master Mason and forwarded to the office

of Engineer Maintenance of Way on completion of work, or at the end

of the month if the work is not completed during the current month.

"The cost of material is placed on reports in office of the Engineer

and charges are then entered in the Ledger in brief detail under appro-

priate captions, together with other charges which do not appear on

structure reports, but originate from shop bills, accounts payable and

other sources handled direct in the office of the Engineer Maintenance

of Way. After being entered in the Ledger, structure reports are

filed by months for future reference. Sample page of Ledger submitted

herewith.

"On the Pittsburg Division, individual Ledger Accounts have been

found a very valuable adjunct to our records, especially on account of

the numerous changes in the personnel of the office force. They furnish

a permanent and ready reference that gives necessary details of cost

of any important work done and forms a reliable precedent for estimating

cost of future work of a similar nature.

"I consider that the benefits derived from individual accounts greatly

exceed the expense of recording them."
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Louisiana Western Railroad, E. B. Cashing, General Superintendent.

"It is our practice to keep a detailed record of cost of all individual

pieces of work chargeable to Construction and Improvement Accounts,

also to jobs chargeable to Operating Expenses, in excess of $100.00.

This record is kept in an ordinary stock Journal and all charges to

different jobs are posted in same monthly. On pieces of work where

this record is kept, work order (form 2449, sample attached) is prepared

by the department under whose supervision the work is to be done. After

said work order has been approved by the General Superintendent, it is

forwarded to the Auditor, who keeps a detail of all charges against each

job. The benefits received from individual Ledger Accounts are com-

mensurate with the expense in a number of respects, as follows

:

"It induces a more careful accounting for material and labor expended

by those supervising the work as they may be required to explain abnor-

mal difficulties between the estimated and actual cost.

"It affords the Accounting Department a closer check on the reports

of material and labor expended.

"It places a permanent record carrying a detail exhibit of cost of

each job within easy access of the management."

Boston & Maine Railroad, J. P. Snow, Bridge Engineer.

"Ledger Accounts for individual pieces of work are not kept except

in cases where such work is charged to Construction or Improvement
Account. In these cases the items are drawn off on sheets monthly,

during the progress of the work, and reported to the General Auditor.

Construction work is done under special appropriations and the above

charges are checked against the appropriations.

"The cost of sidetracks built for outside parties are ledgerized in a

general book where an account is kept separately for each such track.

"The benefit of keeping individual ledger accounts, except as above,

is not commensurate with the expense involved under the Boston &
Maine system of accounts."

Central Railroad of New Jersey, Jos. O. Osgood, Chief Engineer.

"The present practice is to keep the details of the various classes

of work in our Construction Ledger and on completion of the work a

final bill is rendered showing the cost of each subdivision of work,

viz. : Grading, Tracklaying and Surfacing, Han dling. Material, etc.

"Benefit received from individual ledger accounts is that the cost

of any particular branch of the work may be determined during the

progress, as well as total cost to any date, and the benefit is without

doubt commensurate with the expense."

Pennsylvania Railroad, Joseph T. Richards, Chief Engineer of Mainte-

nance of Way.

"With respect to Ledger Accounts, I would say that all detailed

records of individual pieces of work are kept by the Comptroller in the
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Accounting Department, making it unnecessary for anyone else to keep
a duplicate record, particularly for the reason that a copy of the monthly
C. & E. List, showing items of work authorized, the amount of the

appropriation and the amount spent to date is furnished each General
Superintendent. You understand, of course, that we keep a copy of all

bills, together with a copy of our statements of charges for labor, etc.,

which are in addition to charges originating in the shape of bills."

Norfolk & Western Railway, Charles S. Churchill, Chief Engineer.

"We do not keep what may be strictly called Ledger Accounts. We
advance the records, however, as far as what might be termed a Journal
and these records are left in such shape that we can at any time secure

•the cost of any piece of work. Form C. T. 70, enclosed, shows the

manner in which an authority for the expenditure of money is issued

by this road, whether it be a charge to Construction or Betterment, or a

charge to Operating Expenses. This sheet covers an authority issued in

1904 for an Electric Turning Gear at one of our bridges, and at the

bottom of the sheet the actual cost of the work has been filled out with
the month of completion. While we think it is very important to have

record of cost of individual pieces of work we doubt the expediency of

going much further into Ledger records than we do. We think that

it is very important to determine promptly the cost of any piece of

new work and our accounts are kept so that we are able to do this."

SOUTHERN PACIFIC COMPANY.

ORDER FOR CONSTRUCTION AND REPAIR WORK.

Houston, Texas, 190 . No._

Sir:

Authority for the following work on the plant of this company has been

given.

Date authorized__ Number__

Work to be done under the direction of
^

Division Estimated cost

Location

Description^

Engineer of Maintenance of Way.
Approved

:

Manager.



Illinois Central Railroad Company, No. r 3S5CL^
OFFICE OF CHIEF ENGINEER.

Chicago, III., ,___ 190

REPAIR AUTHORITY BLANK.

SUPCNINTtNOINT

Authority is hereby given to do the foiloiving work on_ Division at an estimated cost.

off Charge to maintenance avcount_^ .

CHIEF CNAINtin

Illinois Central Railroad Company, no. R- 3S5i)_
OFFICE OF CHIEF ENQINEER.

Chicago, III 190

REPAIR COMPLETION REPORT BLANK.

CHIEF ENGINEER

The following ivovk authorized at an estiTuaied cost of $ has been completed at an actual cost

of S Final charge made in month of i^__,_ —^—

^

SUMRINTEN

Illinois Central Railroad Company. No. r 3850,
OFFICE OF CHIEF ENGINEEn.

Chicago, III.,.

REPAIR AUTHORITY BLANK.

Authority I'.v hereby given to do the following work- on Division at an estimated cost

of f . Charge to maintenance account

Illinois Central Railroad Company. no. r 3850_
OFFICE OF CHIEF ENGINEER.

Chicago, III, i90_

REPAIR AUTHORITY BLANK.

JDITOR OF OIGBUnSCN

Authority is hereby given to do the following work on .Division at an estimated cost

of $ Charge to maintenq,nce account .
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Philadelphia & Reading Railway Company.

Division Branch

REQUISITION FOR IMPROVEMENTS,

Description.

Location.

Estimated Cost in Detail.

Total,

Expense of work to ]

be borne by )

Remarks:

Correct.

Date



Philadelphia & Reading Railway Company—Continued.

IMPROVEMENT EXPENDITURES.

B
C
D

F
G
H
I

J
K
L
M
N
O
P
Q
R
S
T
U
V

CLASSIFICATION OF ACCOUNTS. Total.

Real Estate

Tracks and Sidings

Extension of Main Tracks
Second, Third and Fourth Tracks

Meeting and Lay-off Sidings

Colliery and Washery Tracks . .

.

Yard and Depot Tracks
Coal Yard Tracks
Manufactory Tracks
Shop, Turntable and Scale Tracks

Bridges, Trestles and Culverts

Wooden
Steel and Iron

Stone
Interlocking Plants and Signals

Passenger Stations and Shelters

Freight Stations and Yards (oUracks*)

Water and Fuel Stations

Shops and Engine Houses
Docks and Wharves
Turntables, (exclusive of track*)

Coal Yards (including trestles of same) •

.

Shop Tools
Sundries

Total

.

ORIGINAL STRUCTURE. ETC. (REPLACED)

Estimated cost of .

f
for

I

Will be used I at

present valuation

Will be dismantled, material valued at_

REMARKS.
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Form C r »

Norfolk and Western Railway Company
OFFICE OF GENERAL MANAGER.

At-PROVAL OF AUTHORITY vJF tXPENDITURif.

An order on this form will be given for all work authorized.

All axpenditur^s.must be charged to the proper accoun; and reference given to Jhe Prosident'-s or Gi'neral Manager '»

..umber

AUTHORITY FOR EXPENDITURE NorfOllC

President's No. S^O

Gen'l Mgi.'s No.

Roanoke, Va . 2 May 1904

Mr C. S. Churchill,
Chief Knglneer.

Dear Sir

Authority for expenditure of $ 5,000.00

chargeable lO '-..'^.4 B ,SU8 .Acct ,No ,12 as follows, is hereby app'oved

To IriHtall Rleotrlc Turning Gear for operating Bridge #7:

Electrical Transformers, Motora, Switch Board, Con-
troller, *o. - - |3,500,00

Pour Files Poles for Current- 400,00
Gearing and Shafting-- - 700,00
Platforms and Housing 200.00
Incidentals- 200,00

5,000.00

Mr, Churchill will arrange for this.

Copy to;
A n N
J w c
W G M
J B L
E T B
W C W

Yours truly,

_B_JLMa»ifir_

Amount Expended During MiSTith of ^^
,

J""
^^

'j,'

July 1904

August 1904

Deoemher 1904

January 19QS

February 1906

Mamh 1905

Aprl

May T906

C. and Equip.

_14.ilfl

154. Ira

BT9.ee

S3&.QQ-

871.81

GRAND TOTAL,
-|499lJ

Operating Total Amount

IxpCiises Expei.dad

_li,00

.JL54l7J5

122^5 LoQ

_.B79L8a

^i_»i

_22,20

_2?

-1708

14991

m

REMARKS

It
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BRIDGE RECORD BLANKS.



BRIDGE RECORD, ILLINOIS CENTRAL RAILROAD.
Division No. Bridge No. Miles from

Cn-cco*R; CV-CVPRCSS; B-Bricr; S-SniNe.

STRUCTURE
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SYSTEM FOR MAINTENANCE OF WAY OFFICE RECORDS OF
BRIDGES AND CULVERTS.

Union Pacific Railroad, J. B. Berry, Chief Engineer.

'"On the white sheets the book gives a record of each successive

bridge that is built under a particular number. It has always seemed
desirable for us to know just what has been at a certain point for some
time past, as we are frequently called upon for information as to what

was in existence there a number of years back.

"Another sheet is the report of work done by local parties, giving a

sketch and information in regard to the work, and the third sheet is a

statement of the cost. This statement is used later on to make a sum-

n'ary for use of the higher officers without so much detail."

Illinois Central Railroad.

"Attached are sheets showing system of reports covering the condi-

tion of bridges and culverts, which I believe will be self-explanatory."

Philadelphia & Reading Railway.

"The record of maintenance of bridges and culverts is kept in the

same manner as the other items of Maintenance of Way and Structures,

all of which is shown in detail on pages 8 to 15, in book sent you

herewith, which also explains the method of accounting, forms of reports,

their uses, etc."

Nashville, Chattanooga & St. Louis Railway.

"The bridge, trestle and culverts forms, sent with my answer

under subject 'Ledger Accounts,' are the only records we keep. The
information for entry on these blanks is furnished on form 577, herewith

enclosed. Form No. 577 is also filed for record. Form No. 1477 is used

for determining the cost of any special piece of work, and special instruc-

tions are generally issued for reporting on this form."

Louisville & Nashville Railroad.

"Records are kept on sheets provided for this purpose. A sample is

attached (Form 963), for South and North Alabama Division. We keep

no systematic record of culverts."

Canadian Pacific Railway.

"The enclosed sample sheets are taken from our Bridge Record.

The original copy of these books is prepared by the Resident Engineer,

the diagram sheet which is photographed and sufficient prints made
from the negative to provide books for the various officers interested."

Pennsylvania Lines West of Pittsburg.

"We have on file in our office detail plans of all bridges of which

there is any record. In addition to this some of the divisions are

preparing a general plan of all the bridges, giving the general dimensions.
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type of bridge, character of foundation, date built and all information

valuable in a bridge record. These sets will be bound in a Shipman

binder and indexed for convenient reference. Sample copy of record

enclosed. In addition we have a blank for report of Bridge Inspection,

which is general over the entire system."

Boston & Maine Railroad.

"The maintenance of bridges and culverts is in the hands of the

division officers. The Chief Engineer keeps the records of all bridges,

culverts and crossings of all kinds, and is required to make periodical

inspections of all openings. He handles all new construction and advises

as to repairs of magnitude. The general record is described on page

360, Proceedings 1904, Vol. 5, as well as the schedules which are type-

written and distributed to such officers as need them. I enclose a sample

page of these schedules marked 'Exhibit i.' Our system of inspection,

which is annual, is outlined on page 358, Vol. 5."

Central Railroad of New Jersey.

"Sketch plans of all bridges are made on which are shown the

principal dimensions, together with information regarding data of build-

ing, loading etc., with reference to the detail plans on file. Whenever

changes are made in the structure, they are noted on the sketch. These

sketches have, to the present time, only been prepared for the steel

and iron bridges, but similar methods will be used for making up records

for masonry bridges and culverts."

Pennsylvania Railroad.

"The only record that we keep in this office of bridges and culverts

is a list of the same giving data as to length of span and distance from

base of rail to ground or water. Of course, the Division Master Car-

penters keep a record of the repairs which they have made to individual

bridges from time to time, but this record does not come to this office."

Norfolk & Western Railway.

"We keep a current record of work done on bridges on the enclosed

form (M.W. 46). We have similar sheets to cover every bridge on the

road, and when these are bound, constitute a record for the entire system

as a convenient book of reference. Our work sheets, both for bridges

and buildings, show at the beginning of each year the work to be done

during the year. Sample sheets of these are also enclosed. Form M.W.

47 is a form on which we keep our record of culverts, pipes, etc. Report

is made by each division on the road aboiU November of each year, and

shows the work to be done on same. The sheets are bound and kept

in this office as a record of reference for the coming year and the work

to be done is issued specifically to all the divisions. Form M.W. S3 is a

form on which we receive reports of fencing built during the year, and

we use the same form when bound to give a permanent record of

existing fencing."



UNION PACIFIC RAILROAD COMPANY.
DETAILED STATEMENT OF BRIDGE OR CULVERT NO. 24.

District Division

Number (old) Number (new)
Grade of track, per cent

Old structure Length
New structure

( bent
PILES

:

Kind . . Number per - pier

f abutment

[ Abutments. . . .

MASONRY: Footings J ^^^^^

( End Walls'.
'. '.

'.

Drawing No
TRESTLE: Length Bents.

Sills, kind Size .

.

Girts, kind Size..
Caps, kind Size. .

Stringers

Ties, kind Size .

.

. feet of Mile Post

.Tangent or degree of curve

. Opening for

.Work Order No
( bent

.Average penetration per-( pier

( abutment
Date pile driving completed

f Abutments

?™hS:.v..v.:::::::::::;:
( End walls

.Date masonry completed

.Drawing No
. Posts, kind Size

. Sway braces, kind Size .

. Number Size

.

.Guard-rail, kind Size.

Date trestle bridge completed.

CULVERT: Kind Size Length Drawing No.
Date culvert completed

TRUSS OR Kind .Length Drawing No.
GIRDER Date truss or girder placed

High water mark, measured from top of tie. . .

.

FILLING : Lineal feet of old bridge "filled
'. Date filled"

.
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UNION PACIFIC RAILROAD COMPANY.
STATEMENT OF ACTUAL COST OF PERMANENT BRIDGE AND CULVERT WORK.

/Copy/ Bridge No. . 697

Old Structure 3 Span Pile Bridge

Heiii Structure 50 Ft Thro El«.tfi...I}ix.dar Date Conipleted.

EaatAm Oiatrict.

Uarch-

Cnlnrnrtn...

;j04...-

Diuision.

CLASS OF WOKK
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C. R. R. OF N. J.
CENTRAL DIVISION MAIN LINE

BRIDGE N° Z8

601 LT Br

SPECIFICATIONS'

Live LOAO g -'"• '- - f-^y /-// iiK -«ooci*^o>- /.,»// arjsaiihfrar.n

ASaUMEO OE/<D LOAC
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300 RECORDS, REPORTS AND ACCOUNTS.

RECOMMENDED STANDARD CONVENTIONAL SIGNS FOR
RIGHT-OF-WAY AND TOPOGRAPHICAL MAPS.

Illinois Central Railroad.

"Attached is sheet showing the Conventional Signs in use and a

copy of Circular No. 2, giving instructions in regard to making drawings."

Philadelphia & Reading Railway.

"I am sending you a blue print of our standard Conventional Signs

for use on Right-of-Way and Topographical Maps. This sheet is ex-

planatory and it seems unnecessary to call special attention to any point

or to describe any of it in detail."

Nashville, Chattanooga & St. Louis Railway.

"I enclose blue print No. 511-26 showing the only Conventional Signs

in use on our lines. The only explanation which may be necessary is

that they are made with a view of getting the best results when blue

printed. When a location survey is put under construction one line is

drawn on the side of the dots and when completed another line is drawn

on the opposite side. The provision for showing fences on the property

line may be of some interest. The letters "E. C." and "E. S." in the

second column, indicate end of curve and end of spiral, in contradistinc-

tion to point of curve and point of spiral."

Pennsylvania Lines West of Pittsburg.

"This subject is answered in the accompanying small book of

"Standard Requirements for Drawings."

Boston & Maine Railroad.

"I am sending you two sample location plans marked 'Exhibits 2

and 3,' which show all that we need on such plans, although they contain

but few Conventionals."

STANDARD REQUIREMENTS FOR DRAWINGS—PENNSYLVANIA LINES WEST OF

PITTSBURG.

SIZE OF DRAWINGS.

Bridge Masonry.—Bridge Masonry drawings to be 16x21 in. out to

out—15x19 in. inside the border, allowing i^ in. on left hand margin

for binding.

Bridge Superstructure.—Bridge Superstructure drawings to be 24X

36 in. out to out—23x34 in. inside the border, allowing lyi in. on left

hand margin for binding.

"Standards."—Pennsylvania Lines drawings of standard material,
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appliances, etc., to be 22x28 in. out to out—21x26 in. inside the border,

allowing il4 in. on left hand margin for binding.

Architectural Drawings.—Architectural drawings to be 24x36 in.

out to out, so far as possible, allowing 1J/2 in. on left hand margin for

bmding.

Contracts R. E. D. and L. D. Forms.—Drawings to accompany

contracts, agreements. Real Estate and Law Department forms, to be

8x14 in. out to out, allowing i in. at top for binding. Any additional

width or length required shall be multiples of 7 in. and 13 in., respect-

ively.

Correspondence.—Drawings to accompany correspondence to be 8x

10J/2 in., allowing i in. margin on left hand side and top for binding.

Any additional width or length required shall be multiples of 7 in. and

9 in., respectively.

Signal Plans.—Signal plans to be 8x10^ in. or multiple thereof,

out to out, including ^ in. margin all around.

Profiles.—Profiles to be 11 in. wide. (This is obtained by cutting

profile rolls on the middle line of ruling.)

Rolled Drawings.—Rolled drawings to be 20 in. wide whenever

possible.

General.—In addition to the above sizes the following may be used

for general maps and drawings: 10x16 in. out to out* and 15x19 in. out

to out, allowing 1J/2 iri. on left hand margin for binding.

Place.—The title to be placed in the lower right hand corner of

each drawing. In addition, rolled plans and profiles shall have the

subject and file number placed on the outside of both ends.

Composition of Title.—Title to show the following:

"Name or initials of Railway Company."

"Division."

"Place."

"Description."

"Scale." "Date."

"Ofiice where made."

"Initials of Draughtsman."

"Number."

In addition to the above the word "Exhibit A," etc., shall be placed

over the title of all drawings which accompany contracts, deed descrip-

tions, agreements, legal documents, etc.

Masonry and Building Plans.—Masonry and Building plans shall

generally be to scale of ^-in. or ^-in. equal to i foot. Details to be

shown by larger scales.
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Maps.—Maps shall generally be to scale of i in. equal to 50 feet, 100

feet, 2G0 feet or 400 feet, as required to fit standard sizes of drawings,

or to clearly illustrate the subject.

Bridge Superstructure.—Bridge superstructure plans shall gener-

ally I)e to scale of J/)^-in., jg-in., H-ii''-i or ^-^-in., equal to i foot, accord-

ing to character of drawing.

"St.'Xndards."—Drawings for standards to be to scale of yi-in.,

'4-in., ',^-in,, I in., i'^ in., or 3 in., equal to i foot, according to char-

acter of drawing.

Standard Profiles.-—Standard profiles to be to scale of i in., equal

to 400 feet for horizontal, and i in. equal to 20 feet for vertical scale.

Signal Plans.—Signal plans should be to scale of i in. equal to

50 feet or 100 feet.

Symbols.—Present tracks owned by Company to be indicated by

black lines on tracings and white lines on blue prints. Main track lines

should be heavier than those for other tracks. Single lines to be used

for tracks when the scale is 100 ft. to the inch or smaller; double lines

to be used for tracks when larger scale is used.

Tracks to be taken up or rearranged to be shown by finely dotted

lines.

Boundary lines of property owned to be shown by dot-and-dash lines.

Ground outline of buildings to be drawn with heavy line and the

enclosed space to be hatched and shaded when necessary.

Fences, when not coincident with property lines, to be indicated by

dash lines.

State, City, County, Township and other corporation lines to be

shown by dash and three dots.

In the case of profiles, the ground line on the north or west side

to be shown by light full line, shaded brown on the underside; ground

line on south or east side to be shown by light dotted line similarly

shaded.

All symbols used, other than standard, to be explained on the plan.

Colors.—When necessary to color present tracks and property lines

of this Company, use yellow. When property questions are involved,

ownership must be designated in colors, and yellow used to indicate

this Company's property lines.

Proposed tracks to be shown on tracings and prints in red—full

lines for work to be undertaken, and dashed lines for ultimate develop-

ment. Property proposed to be acquired will have red tint on proposed

line of purchase.

Private tracks to be shown in brown on tracings and prints
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Tracks and property of foreign roads to be shown in green and other

colors as may be necessary.

Color scheme used on plans accompanying contracts, agreements,

etc., should be explained on the plan.

GENERAL INFORMATION NECESSARY TO BE SHOWN ON MAPS, PLANS AND
DRAWINGS.

All maps and plans are to be drawn with letters and figures in

upright position toward the north and west, the meridian being indi-

cated on the drawing by an arrow.

MAPS.-^The following should be shown on maps

:

(a) Names of rivers, streams, owners or occupants of properties,

lot numbers, names of town or city additions or subdivisions, sections,

townships, ranges, military or other official surveys, etc.

(b) Official survey stationing, giving station number at each fifth

station, with marks for each lOO ft. between ; also show location of mile

posts.

(c) Dimensions and distances.

(d) All information which is necessary to enable the plan to be

used for the purpose intended.

(e) Both magnetic and true meridian, when known.

Plans for Track Changes.—Plans for track changes should have

a table showing in feet, (a) Present Tracks, (b) New Track, (c)

Transferred Track, (d) Total, and (e) Increase or Decrease.

All track plans should show at least one M. P. plus.

All track plans (except ordinary business or industrial sidings)

should have a profile, preferably at the bottom, on which grades and the

quantities in cuts and fills are marked, and disposition of material

indicated ; character and amount of bridge and culvert extensions also

to be shown.

When scale plans for new passing sidings, running tracks, or addi-

tional main tracks are made, the plan should be accompanied by stand-

ard track diagram and profile showing the proposed full scheme of

which the plan submitted is to be a part.

Plans for engine house and ash pit layouts must nave profiles show-

ing grades of tracks, and elevations of ash pit, turntable and engine

house floor.

Signal and Interlocking Plans.—Signal plans should show clearly

:

(a) All switches to be included in Interlocking Plant.

(b) Section and weight of rail within the limits of work.

(c) Distance between track center lines, with notes whether tracks

can be spread to allow location of high signals between them.

(d) Direction and class of traffic on each trick.

(e) Location of signal tower with respect to work, and nearest

station or mile post.
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(f) Location of leadout.

(g) Location of telegraph or telephone pole line where electric

circuits are involved.

Bridge Masonry.—Bridge masonry drawings should show clearly:

(a) A small scale general location plan with alignment of tracks,

location of stream or road several hundred feet above and below the

bridge, and distance along the center line of track from face of abut-

ment under coping to the nearest official profile station number.

(b) A small scale profile of grades over and near bridge, with

elevation of highest known water marked thereon.

(c) Lines of standard roadbed and ballast section.

(d) Character of foundation material and construction of founda-

tion work.

(e) Elevation above ocean datum of foundation, high water,

bridge seats, and base of rail (low rail on curves).

(f) Estimates of quantity of excavation, quantity of masonry, piles,

timber; pressure intensity on foundation, material, etc.

Profiles.—Profiles should be drawn with right-hand end toward

Pittsburg and should show clearly:

(a) Ocean datum line.

(b) Datum lines for cities, U. S. Government, etc., referenced to

ocean datum.

(c) Grade line (base of rail—low rail on curves).

(d) Line of top of slope in cuts and toe of slope on fill, on each

side of roadway.

(e) Elevation of high and low water of adjacent streams and

rivers.

(f) Description and elevation of bench marks.

(g) A sketch of track alignment near bottom of sheet, with arcs

of circles to show direction of curves.

(h) Stationing and elevations at important places.

General.—The number of the notebook containing the field notes

should be shown on map or plan.

If a map or plan is to be anything more than a picture, it must

have the dimensions and distances marked on it.

Plans requiring the approval of officers should have proper place

provided for that purpose, preferably near the title.

GENERAL INSTRUCTIONS.

Permanent Filing Place for Tracings.—All plans of construction

or renewal work, such as bridges, bridge masonry, culverts, buildings,

etc., which require approval, shall be submitted in tracing to the proper

officer, and, when approved, negatives from them will be returned to the

originating office.

Each main and side track change completed shall be shown on
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plan made on tracing cloth and sent to the office of the Chief Engineer

M. of W., where a negative will be made and retained for his record,

the tracing being returned to the originating office.

All tracings of proposed changes or additions, or those to illustrate

correspondence, shall be retained in the office where they originate, a

sufficient number of prints being made and forwarded with the letters.

FiLiNG.^—All new drawings shall be placed in a special drawer for

drawings not indexed until they are placed in the permanent file.

Drawings taken from files for use should be returned to the proper

place every night by the person using them.

Drawings taken from draughting room will be returned to a special

drawer and then put in proper file by person designated for that

purpose.

Number of Prints.—The following number of prints must be fur-

nished with

:

Correspondence, 2

;

Application for authority, 5 ;

Forms 819, 826, 827, 844, 845, 850, 3;

Forms 801, 835, 4 ;

Agreements, 2 extra.

20
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Illinois Central Railroad Company.
OFFICE OF THE CHIEF ENGINEER.

CIRCULAR NO. 2.
Chicago, June let, 1902.

Re-issued July 1st, 1903.

in order to secure uniformity in the preparation of standard plane, 'the following instructione

nniot lie carefully observed in future:

The following scales must be used:

100 feet to the inch for all ordinary plats.

50 feet to the inch for plats requiring more details than can be shown on scale 100 feet to

the inch.

200 to 400 feet to the inch for plats which would be rendered too bulky in size by using a

larger scale.

Smaller scales only when absolutely necessary.

The object to be attained is to get plats which can be scaled with a foot rule with the minimum
amount of calculation, and which for convenience of folding will be either the size of a sheet of letter

paper or multiples thereof, so that when folded they will conform to that size. In attaching them to

letters they should be fastened in the upper left hand corner in such a way as to unfold without being

unfastened.

On Every Plat the Points of the Compass must be Shown. If not known exactly they must be put

on approximately, and when put on approximately it must be so stated.

The qames of the Terminals of the Line at both ends must be shown. As a rule the left side or top

should be used for north or west, and the lower or right side for south or east.

The Title, Scale, Date and OflSce where plat is made must be marked on every plat.

On all Plans involving Tracks, the names aqd numbers by which the tracks are known must be given.

Where Changes are proposed, show present arrangement in solid black lines on tracing and solid white

lines on blue print, and proposed arrangement in dotted red lines on tracing and solid red lines on

blue print.

When using Color Shading to distinguish between different owners, use red to denote Company's

property.

In making Plats of Station Grounds, show all Buildings, not only those belonging to the Company,

but also on the properties directly adjoining, and designating:

*5 if sfone

Brick or stone buildings by heavy boundary and

solid line hatching, thus:

Frame buildings by light boundary and dotted \.\>^l>^x:"Ns^v\ "^

line hatching, thus;

The Following Conventional Signs will be Adopted as Standard:

For Company's property lines, • - - —— -

For Government section lines.

Immediately upon Completion of any Changes in tracks or buildings, or whenever grades are changed,

new water tanks or coaling arrangements constructed, or any other changes made affecting the

line, correct plans or profiles must be sent to this office in order that the official records may be

corrected accordingly,

Chief Engineer.
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Bng. H. W.-289.

THE PENNSYLVANIA RAILROAD COMPANY.
N. C. Ry., P., W. & B. R. R., and W. T. & S. R. R.

Office of Engineer Maintenance of Way.

GENERAL NOTICE.
For the purpose of establishing a uniformity and as an aid in filing plans, &c., the following

standard dimensions and specifications are adopted for use in this Department for all plans, whether

Signal, Architectural, Real Estate, Bridges, Surveys, Maintenance of Way, or others :—

DIMENSIONS.
Dimensions SIGNAL PLANS between border lines, 17 inches wide, length not less than zq inches (one

°'
line border).

Plans.

Architectural Plans 24 inches x 36 inches.

Real Estate Plans 8 inches wide ; length not less than 14 inches.

Bridge Plans 24 inchesx 36 inches.

M. W. Standards between border lines 16 inches x 23 inches (one line border).

SCALE.
Trad Plans The scale for TRACK PLANS and PROPERTY MAPS should be as follows:

—

*° Working Drawings showing details for construction of yard tracks^ switches^ <Sfc..
Property ^ -^ < . •

Maps 40 feet = I inch.

General Plans for large yards (not working drawings), showing no particular

details, where two lines, each represent a rail of a track, lOO feet = i inch. A still

further reduction for an outline plan, giving a general system with only one line to

represent a track—200 feet or 400 feet = i inch, according to the scope of the subject.

surveys. For PRELIMINARY SURVEYS showing topography and contour lines—400 feet ±= i

inch. Any detail of the same, separate from the general survey, should be enlarged to

either" 200 feet or 100 feet = i inch. The contour lines of such surveys should be 5 feet

to 10 feet, according to the topography of the country, or less for detail work on very

level countr>'.

Profiles. Profiles of long surveys to be made on Plate B—30 feet vertical scale; for

detail surveys, to be on Plate A—20 feet vertical. The horizontal scale of profiles of all

surveys to be the same as of the map to which it belongs. In level districts, such

as along the seashore, profiles may be varied to be 10 feet vertical and the same

horizontal scale as the map.
TITLE.

All Plans The TITLE of all drawings shall clearly state the subject matter ; the locality by

p^j^ Superintendent's Divisions and by Railroad or Branch ; the scale, meridian, date and file

number. Plans to accompany statements of purchase and lease shall show in addition

the State, County and Township in which the property is located. All roll plans and

profiles to have the subject and scale named on outside of the two end edges.

JOSEPH T. RICHARDS,
Engineer Maintenance of Way.

Pbiladelpbia, September 19th. 1900.
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I. c.
CONSTRUCTION

COMVENTIOMAL SIGNS

R. R.
DEPARTMENT

Chica^OjNov \904. APPROVE Dj
ENGINEER OF CONSTRUCTION

A OC Company ^t^aytands fo&s ^^mm*• i

ABC Fercijn rm^'andj lines___,_.
ARC Ful\xct:on hoes

ABC Holf sfcfion/ioes
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PROGRESS PROFILES.

Illinois Central Railroad.

"The attached is sample of Progress Profiles which I believe will

be self explanatory."

Philadelphia & Reading Railway.

"We use two kinds of Progress Profiles on work of any magnitude.

"(i) A regular scale profile of the road upon which we show

the progress with cross-sectioning each month, either with different

colors, different angles, or both. The same method is used in indicating

progress in masonry construction. As these are made on mounted paper,

we have no duplicates unless they are specially made and as we use no

standard for color, I have not forwarded any.

"(2) A progress chart to represent the progress of the work is

prepared and kept up for work of any magnitude. A sample sheet is

sent you herewith. It is a copy of that used by the Rapid Transit

Commission in New York and has been published and described by

them.

"The diagram to the left shows graphically—in a horizontal direction,

the total value of the work in dollars and cents, sub-divided into its

component items, while the vertical scale shows the percentage of

work done, each rectangle being numbered to represent the number of

the month. The diagram to the right shows diagonal lines representing

the contract rate of progress, while the actual percentages done each

month are plotted on the broken line."

Nashville, Chattanooga 81 St. Louis Railway.

"We keep no Progress Profiles, except on new construction."

Louisville & Nashville Railroad.

"The Progress Profile kept is merely a profile of the line on

which is shown in color the work done during each month. There is

nothing unusual or special in the type of progress profile kept by this

company."

Canadian Pacific Railway.

"I hand you herewith sample of Progress Profile."

Pennsylvania Lines West of Pittsburg.

"We have no regular blanks for this purpose but when we consider

the work warrants it we make special Progress Profiles to suit the

case."

Central Railroad of New Jersey.

"We have no standard Progress Profiles."

Norfolk & Western Railway.

"On new work we make monthly reports, in the case of tunnels

We make weekly reports. Progress Profile of double track tunnel near

Bluestone, completed in 1902, is enclosed and shows you how record

of this work is kept up. Progress on construction of double track work

or branch lines is shown monthly on standard profile by means of colors

adopted for each month as usual."
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TRACK CHARTS.

Union Pacific Railroad.

"In regard to the records for track, the white printed sheet is the

old method of keeping the record of ballast, ties and rail. This has

been di.spensed with.

"The blue print which I have marked with a cross shows a very

convenient and condensed method of keeping a record of rail, ballast,

rectification of grades, etc., especially for use when out on the line,

as one can keep a large mileage in a small space.

"The other blue print is a method that we have devised for keeping

the same information in the office. It also gives considerable additional

information in regard to fences, etc."

Illinois Central Railroad

"Attached is copy of the Chicago Division condensed profile which

is the standard track chart for the system."

Philadelphia & Reading Railway.

"A sample track chart is forwarded you herewith. It shows the

location of all rail, its weight and pattern and year of laying."

Nashville, Chattanooga & St. Louis Railway.

"We keep no track charts."

Louisville & Nashville Railroad.

"We have nothing which corresponds exactly to this description, but

make condensed profiles for the convenience of officers of the company,

on which are shown the character of rail, its weight per yard and year

when laid. A sample of page No. 28 showing miles 138-141, inclusive,

for the Knoxville Division, is enclosed. The rail record is shown at

the bottom. The alignment is shown at the top. The fine lines parallel

to the alignment record indicate sidings. The position of these fine lines

with reference to the alignment record indicates on which side of the

track the sidings are constructed. The profile shows the grades in feet

per mile. The page also indicates bridges, tunnels, water tank and section

houses."

Canadian Pacific Railway.

"I attach copy of specimen track profile, standard ballast chart and

standard rail chart. We believe that it is better to have separate charts

for rail and ballast than to attempt to show all of this information on

the track profile, as to show the history of these two items on the profile

would require too wide a profile to be convenient."

Pennsylvania Lines West of Pittsburg.

"I enclose two copies of our standard track diagram taken from the

same tracing. In size it is arranged so as to be folded letter size and
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bound in Shipnian binders for tlie benefit of general officers, one copy

for private cars and one for the ofifice. It is also of such size that the

sheets can be trimmed down and folded for division use, so as lo put

in the pocket."

Louisiana Western Railroad.

"Enclose you herewith white print of our standard pocket size track

chart, the one enclosed representing the Houston Division. This track

chart shows the composition of rail in track, w^ater stations, tie plated

track, ballasted track, fencing, elevation top of rail at stations, mile posts,

section numbers, Roadmaster's districts and mileage through counties.

This chart is very convenient, being of such size as you can put in your

vest pocket, and for the use of officials on the road the backs are

usually made of leather."

Boston & ]\Iaine Railroad.

"Exhibit 5 is a Track Chart covering about lOO miles of line, mostly

double track. It shows kind of rail, its manufacture and year of laying

;

kind of joint connections; kind of ballast and date of ballasting, oiling,

location of stations and section limits."

Central Railroad Company of New Jersey.

"We have no standard track charts."

Norfolk & W^estern Railway.

"We have used for many years as a rail record, a book of sufficient

size to cover the entire system. I enclose you two sample leaves. We
do not keep further records in the way of charts."

Mr. Hiram J. Slifer.

"I would say that Track Charts should be considered both from the

engineering and operating side of the question, and in addition to showing

the physical characteristics on these charts, arrangement should be made
on the reverse side of same for recording industrial establishments and

leases of station grounds. In other words, these track charts should be

so arranged that a Superintendent could carry one with him and find

on it a graphical indication of the condition of the entire property.

"It may be thought that this is impracticable, but I know of several

such charts having been made and they were of great benefit to the

parties who had them prepared."



DISCUSSION.

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—The conclusions

in our report are found on pages 128 and 129. The report deals with

some subjects which have been under discussion and studied by the

Committee for one or more years. I refer particularly to the subject

of maintenance of way bridge office records. The Committee earnestly

hopes that the investigation in respect to this question will meet with

the approval of the Association in order that it may be discharged

from further consideration of that subject.

The first subject, "Ledger Accounts with Individual Pieces of

Work," is really one which grew out of the instructions which the Board

of Direction gave the Committee two years ago to consider the classifi-

cation of expenses, especially with reference to additions and improve-

ment expenditures. No report was ever made in regard to that subject,

as it was found impossible to hold any conference with the Association

of Accounting Officers, and the matter was practically dropped. But

as the result of that work the Board of Direction assigned to the

Committee this first subject of Ledger Accounts with Individual Pieces

of Work, which has been under study for the past year and which is

now included in the report. The other new business taken up by the

Committee relates to conventional signs, progress profiles and track

charts. No official report is made in regard to conventional signs,

because it was found quite impossible during the year to compile the

information necessary as a basis for drawing certain conclusions. The

Committee hopes, however, that the question will be discussed before

the Association in order that we may know whether we are working on

the proper lines. Conclusions are presented in regard to progress pro-

files and track charts, and they speak for themselves. I presume in

accordance with the practice of the Association, conclusions i and 2

will not be discussed, as they relate to additional definitions and the

revision of former definitions.

The President:—The chair desires to extend to professors of

colleges who may be present the freedom of the floor in debate. The
Secretary will read the conclusions.

The Secretary:
—

"(3) Ledger Accounts with Individual Pieces of

Work, showing the detail, total, comparative and unit costs of work, are

<:ssential in any system, according to which statements and appropriations

must be made before work involving Additions and Betterments can be

undertaken ; therefore Ledger Accounts should be kept by the Main-

tenance of Way Department showing the cost of authorized work.

318
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"Two special forms are required in a simple system of Individual

Ledger Accounts

:

"M. W. 1013, 'Approved Authority of Expenditure.'

"M. W. 1014, 'Individual Ledger.'

"Illustrations of these forms accompany the report."

The President :—It is hoped there will be some discussion on

this Committee report. It is rather a dry subject, but one to w-hich

the Committee has given considerable attention. Their work has been

excellent, and the Committee feels it should receive some expression

from the Association at large. Free discussion is invited and requested.

Mr. Wendt :—I will open the discussion, in order that the purpose

of the Committee may be better understood. As the President has

stated, these are rather dry subjects. Engineers of Maintenance of Way
seem to take great interest in the rail, the ties, the ballast, the roadway,

and many other details ; but when it comes down to making up records

and reports and accounting for the expenditures, apparently but little

interest is displayed by the engineers. The Board of Direction has

seen fit to provide a committee to study these subjects, and we believe

that a careful study of them will convince all of u£ that they nre of

very pressing importance.

When the Committee first started out a few years ago to study

these subjects, it was thought there was not much to the work of the

Committee ; but from year to year we find that there is a vast field

to be covered, and that the subjects are of great interest. The ques-

tions under consideration heretofore have been in relation to the forms

used in the bridge department with respect to recording the results of

inspection, and the forms used in various departments for taking care

of the time. This year a step forward was taken, and the first subject,

"Ledger Accounts," was assigned. The position of the Committee is

very conservative. There seems to be no agreement among the members

of this Association with regard to ledger accounts. In prosecuting the

work of the Committee, we find that a large percentage of the member-

ship believes that the engineers have nothing to do with the accounting

business. However, if we read the subject carefully, we will find that

it relates to such accounts as Chief Engineers and Engineers of Main-

tenance of Way desire to have kept in their own offices for their own
information, and for the information of their managing officers, and

not to the accounts which the accounting department keeps for reporting

to the Interstate Commerce Commission in regard to other matters.

Your careful attention is asked to the wording of the conclusion

just read, and we earnestly hope there will be some discussion on this

conclusion, because it is very specific.

Mr. W. F. Tye (Canadian Pacific) :—I would ask the Committee,

as to this form on page 108, whether it relates to capital or maintenance

expenditures, or both?

Mr. Wendt :—The form is used in various ways. On some of the

largest systems of railroads the form is used with relation to work that
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involves both construction—that is, charges against capital—and main-

tenance—charges against expense. Necessarily the charge against

expense is the smaller in proportion to the total. Whether it is used

exclusively with reference to maintenance expenses I am not able to say.

My opinion is that it is not.

Mr. Tye :—The reason I ask is that you give the amount of the

expenditure—space for the amount—and then you give "chargeable to."

What would be inserted in that space? For instance, if it was a capital

charge, would you say, "chargeable to capital," or if maintenance, would

you insert, "chargeable to maintenance?"

Mr. Wendt:—That would be chargeable to construction, which is

capital, or to replacements, which is expense account, maintenance, or

to individuals and companies, outside parties, or to miscellaneous. Some
companies make a charge against additions, making a distinction between

additions and construction. The form on page io8 is deficient in the

respect mentioned by Mr. Tye, and in reality it should be amplified to

show these different subheadings along the lefthand side.

Mr. Tye :—If you are going to use one form only, there should be

a number of blanks there, because in many cases the expenditure is

chargeable to capital, or construction, as you call it—and to main-

tenance, or to other accounts, and I think you should have blanks

enough to show how much of the expenditure is chargeable to each

one. On the Canadian Pacific we have two forms—one a capital or

construction form and the other a maintenance form. While the

amount chargeable to construction is shown on the construction form,

where there is more than one item to which it is chargeable, it refers

to another blank showing the amount of the maintenance charge. I

think this form is incomplete in that respect.

Mr. A. L. Buck (Canadian Pacific) :—What the chairman has said

about the lack of interest in this Committee's work is in a measure

true ; but taking into consideration that its work covers ground that

depends upon uniform organization to make the results of its work

applicable to all, it is hardly to be expected that interest or enthusiasm

can be aroused when the members of the Association realize that each

railway has a system of accounting which varies in some particular

from that of any other railway,' and that the records, reports and

accounts must be made in each case so as to meet the demands of their

individual system.

The railway managers know pretty well what they want, and the

Government commissions believe that" they know what they should have,

and their requirements arc paramount to what the engineers might

believe would best suit their own ideas. So that until a uniformity in

organization is brought about through a managers' or kindred associa-

tion, it will be a difficult matter to establish a uniform system of records,

reports and accounts that will fulfill the demands of all.

" As the chairman has said, this is a dry subject and it is one that

can" hardly be hoped to be brought to a uniform basis until uniform work
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can be obtained in tbe different organizations as well as tbe different

departments of tbe organization.

Mr. W. M. Camp (Railway and Engineering Review) :—It seems

to me tbe comparative cost is an interesting feature of these accounts;

and I wish to ask the chairman of tbe Committee how that is brought in

on this form.

Mr. Wendt :—Under a system of accounting such as you outline,

and a system that is especially adapted to a Chief Engineer's office—

a

system not used in the accounting department—there is first tbe

authority for tbe expenditure, which is given on tbe form on page lo8.

That authority form shows bow much money you are authorized to

spend, and bow that shall be charged. Next, it is necessary to keep

ledger accounts with each individual organization. Some railroads issue

as many as one hundred of these authorizations in one week, and as

the different departments carry out tbe work tbe charges all go to the

office and are posted against this individual account. After tbe work has

been completed, a comparison and an analysis of the cost are made, in

order that you may know what a structure costs per unit. That unit

may be one thing or it may be another. If you are carrying on work

with company forces—for instance, a large piece of concrete work—you

will at the close of the work figure out what it costs per cubic j^ard. If

you are building a roundhouse, you w^ill figure out what that cost per

stall per cubic foot or per square foot of floor space. The matter of

analysis and comparison of costs may be carried to any extent desired.

The information would all appear in the ledger, and in the future when
work of a similar character is estimated, it would be possible to deter-

mine at once the cost of the proposed improvement.

Mr. L. C. Fritch (Illinois Central) :—I consider that tbe Committee

has given us a very good blank in form 1013, but I think in order to

carry out the ultimate purpose of it, that there should be a completion

report added. This completion report should cover tbe same work
that is authorized by the authority blank, and that should be the report

from which the ledger account is finally closed, and I suggest that the

Committee draft such a form. I would also suggest that tbe wording
of tbe form on page 108 be "Authority for Expenditure" instead of

"Authority of Expenditure."

Tbe President :—The Committee accepts the suggestion of Mr.

Fritch, and also Mr. Tye's suggestion to add separate lines for the

distribution of tbe charge to various accounts.

Mr. A. IMontzheimer (Elgin, Joliet & Eastern) :—In some cases I

think it would be well to have a space on the blank on which tbe esti-

mate number could be entered. Very often authority for the work is not

given until some months after tbe work is started. In a large number of

cases we begin work as soon as the estimate is made and get the

authority later. If the estimate number is placed on tbe blank, we can

at once determine tbe work on which we are engaged, and in charging

out work before authority is issued we make charges to tbe estimate

21
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number. Later, when the authority is issued, it is easy to change the

charge from the estimate number to the authority number.

The President:—You know your authority before you start the

work?

Mr. Montzheimer :—Yes ; that is a copy of this blank M. W. 1013.

As an addition I would recommend that there be a line set aside for

the estimate number.

The President :—The Committee states that the intention was that

this should be considered as an estimate until it was actually signed,

and then it became the official authority, but up to that time it was an

estimate submitted, bearing a number to which reference could be

made. Mr. Montzheimer, do you make that in the form of a motion?

Mr. Montzheimer :—It seems to me that this is all right as far as

it goes, but an estimate number on this blank would improve it.

When the General Manager or other official gives authority for the appro-

priation, he would not take your number. A large number of estimates

are never approved, and therefore these numbers would be blank, and

not issued as appropriations. The General Manager's number would

come in numerical order. For that reason I would move that a line be

added to the blank at some convenient point on which the estimate num-
ber could be shown.

Mr. Tye:—I would think the way to meet that would be to have

the Chief Engineer's number on it, which you could put above the

number shown.

Mr. H. T. Porter (Bessemer & Lake Erie) :—In sending in requisi-

tions, we give our requisition number, and then when the Purchasing

Agent makes an order he places the Purchasing Agent's number on

the blank, so that when bills come to us they have not only the Purchasing

Agent's order number but the requisition number. The estimate

number which the gentleman asks for is similar to the requisition num-
ber I have explained, and I think it is a very good point. The parties

authorizing the expenditures have their system of numbers which are

fixed by the Comptroller or Auditor, and there may be a dozen depart-

ments or a dozen different companies that send in estimates asking for

authority, so that the estimate number shows the number from the

department where the request originates, and as long as the blank is

to be general and may be used by others than the Chief Engineer, that

estimate number is a very good thing, and I think one number could.be

placed opposite the other, or right under the other, so that you could

have an estimate number, an appropriation number, and an authority

number.

Mr. Wendt:—I think the point is probably covered by the illustra-

tions. You will notice on page 134 that in the illustration there is a

President's number, and a General Manager's number, and on page 132

provision is made for three different numbers. I presume that these

numbers would be different, each department having its own system.

Mr. Buck :—It seems to me that this is a good form and could be
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made to meet the demands that the different speakers have illustrated

b}' making the blank number line read, "Estimate or Appropriation

Number," then whoever uses the blank can insert the number to which

they wish to refer, as, "Vice-President's Number,"' "General Manager's

Number," or "Chief Engineer's Number." This makes the blank flex-

ible and applies to manj^ other forms now in use, otherwise it will bur-

den the form to provide separate lines for any number that it might

be desired to use. The number inserted in any case would refer to or

be the same number used on the original estimate or appropriation for

the work to which this form refers.

Mr. Chas. S. Churchill (Norfolk & Western) :—I think the form

as proposed by the Committee is, generally speaking, a most excellent

one. We find that it is necessary to use but one form in our practice,

whether the charge be construction, betterment, individual and com-

pany, or maintenance expenses. It often occurs that a portion of the

cost of a piece of work is charged to construction or betterments, and

the other part to maintenance. The division is shown plainly on the

face of the request. When the request is authorized the same figures

are repeated; and the form of the authority which is issued is shown

on page 134, which is really a copy of the original request in my office.

The bottom of the page shows the closing up of the account. A great

many hundred of these are turned out of my office, and there is no

multiplication of blanks, one form answering for the whole work. By
leaving plenty of space on the blank—a blank very little larger than

this page—there is no trouble in finding room for the different accounts.

Mr. Tye:—On page 134, the sample to which Mr. Churchill refers,

the estimate is shown, but is not signed by anyone. In this case, who
is responsible for the estimate? If the estimate was not right in the

end, who would be held responsible? Would not several of your officials

have to prepare an estimate—have you any blanks for their approval?

Mr. Churchill :—Every road has somewhat different practice in

detail. We have an estimate or request blank, which is almost identical

with the blank shown, and it is signed first by me as Chief Engineer,

thence to the General Manager for approval ; and in case it is a con-

struction charge, it is approved by the President, and becomes a record

of the President, General Manager and accounting officers. Finally

authority is issued, bearing the President's number, which is an exact

copy of the request, and that is my authority to go ahead with the work.

I cover the other point that was brought up here a few moments ago,

namely, of keeping track of my estimate number by simply placing in

one of the spaces provided my original request number, so that I can

refer back to my books very readily, and then to my files to see who
is responsible to me for certain portions of the estimate.

Mr. Tye :—In that case it would seem to me that the Committee

should have another form—the estimate form referred to by Mr.

Churchill. This is not complete without such an estimate form. In

our practice we accomplish the same result by having it all on the one
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form. It is signed first of all by the man who makes the estimate

—

the Engineer, the Superintendent, or whoever he may be—and then we

have the place for the approval of the General Superintendent, if he

knows about it, and he does, of course, about all maintenance work;

there is a place for the signature of the Chief Engineer and General

Manager or Vice-President, as the case may be ; and if it is a capital

account, we have a blank for the approval of the President. If not, it

is approved by the Vice-President. All this is on one form.

Mr. Buck:—What I intended to convey was to make this number

an "Estimate or Appropriation Number," leaving a sufficient blank

space to receive the official's number. As I understand tTiis blank, it is

simply a notification blank from a superior official that the authority

has been granted for the prosecution of a certain piece of work that

has been applied for on the regular appropriation form, and the number

used on this notification form would be identical with that on the

original or regular appropriation form. I do not understand this form

to be intended to ever take the place of an estimate form, and if it is

not, then I do not see why it is not sufficient to have a flexible arrange-

ment of numbering by which it can be easily identified.

The President :—The action of the convention will be on the motion

of Mr. Montzheimer, that the Committee should add at a convenient

place on this form a line for two numbers.

(The motion was carried.)

The President :—The chairman of the Committee desires to have

it stated that the Committee does not wish to have these forms abso-

lutely approved, but that after full discussion and expression of opinion,

and directions to them, such as this motion, that the matter of each

particular form be referred back to them so that during the year they

can proceed along the lines indicated by the Association, and not have

the report as presented to-day adopted as final. The chairman also

desires that attention be called to form M. W. 1014, which is a record

of cost of work.

Mr. Tye :—Before proceeding to form M. W. 1014, I move that the

Committee be requested to prepare an estimate blank to accompany this

authority for expenditure, or that the}' change the blank so as to make
one form do for both, ^whichever the Committee considers desirable.

(The motion was carried.)

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—

I

understand tlie discussion is on conclusion No. 3, page 128. The Com-
mittee seems to have requested an expression of opinion from the

convention as to the propriety of keeping ledger accounts in the main-

tenance of way engineer's office. I want to ask the Committee whether

they consider this entirely practicable. It appears to me that charges

come to various pieces of work which the engineer never sees until

ihey show up on the Controller's accounts. I hardly see how he

would keep his accounts balanced, unless he went over them each month
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and adjusted them. Has the Committee considered that feature of the

suggestion ?

Mr. Tye :—I do not think that the Comptroller should be allowed

to make charges against anj- piece of work unless approved by the

engineer.

Mr. McDonald :—The charges of the legal department defending

suits, and for legal advice, are often charged to such accounts. I do

not know whether it is customary to refer them to the engineer on

all roads.

Mr. Buck:—The different departments must come to a common
understanding in regard to this work before we can reach a satisfactory

form. There are charges made against the work by the various depart-

ments in such a way that oftentimes it is difficult to arrive at the exact

cost of a piece of work. There are charges which are hard to reach,

as there are so many departments interested. It is difficult for an

engineer to keep a ledger account of the exact cost of the work, and

next to impossible without a great deal of trouble.

Mr. Wendt :— It is entirely practicable to keep these accounts, with

the exception of the charges from the legal department. The Committee

did not give that phase of the subject very thorough consideration.

Mr. McDonald :— I mentioned that as one instance where they come

from. They come from a good many different sources in my expe-

rience.

Mr. Wendt :—In my experience, no charge is made against any

work that would be covered by this authorization form of which the

engineer could not be easilj' apprised and have cognizance of except

charges from the legal department. If that is a conflicting feature, I

see no reason why the Comptroller or Auditor would not be under

obligation to report once a month to the head of the engineering depart-

ment just what expenses have passed through his office from every

department chargeable to these individual pieces of work. It w'ouid

be reasonable to assume that such should be the case. The Committee

sent out a circular asking for an expression of opinion as to whether it

was w'orth while to keep these accounts—individual ledger accounts—and

the replies were favorable; that is. a majority of the replies stated

that it was worth while—worth the expense to keep these accounts.

Mr. Buck:—As a rule, the engineer is most interested in the items

over which he has absolute control. An engineer, in making an esti-

mate, will estimate the quantities of material and labor involved from

the engineering standpoint and will be able to estimate very accurately

as far as his department is concerned : but for the other items of

expense coming through other sources it is often difficult for the engi-

neer to get them, and it seems to me that the accounting department

is the proper one to keep up that part of it, and that the engineering

department is going beyond its hounds when it goes beyond what it has

under its control.

Mr. L. C. Fritch (Illinois Central) :—In the operating department
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it is customary to render bills against each other for the service per-

formed by them. It seems to me that any legal expenses would be

covered by general expense, which would not enter into the department

accounts at all. It is thoroughly practicable on most roads to keep

ledger accounts as the Committee has recommended.

Mr. Buck :—I would like to know where the Committee would

recommend the keeping of the ledger accounts ; would they have the

engineering department go to the expense of duplicating the account-

ants' work when it has access to the accountants' records?

Mr. Wendt :—The Committee is opposed to any duplication, and

all of the forms presented in the last few years have been designed

with respect to that point—that there should be no duplication of labor

and no additional expense. We think it improper that these accounts

should be kept in any but one office. The assumption of the Committee

is that the Chief Engineer will be in charge of the work, and that

therefore all charges against the work will pass through his office, and

he will be in possession of all information with respect to expense. If

any other officer should keep the accounts, depending upon the indi-

vidual organization of the company, then the system would apply to

whatever office keeps the accounts, whether that should be the Chief

Engineer, General Superintendent or General Manager or Superintendent

or Engineer of Maintenance of Way. We do not care what the organi-

zation is in detail, but we do insist that the person in charge of the

work shall keep these accounts and that the charges shall come to that

office. We have steadily endeavored during the last two years to steer

clear of this question of organization in detail, having some two or three

years ago suggested an organization as the basis for our work, and it

should be clearly understood that the Committee is dealing with accounts

which should be kept in the engineer's office—not in the Comptroller's

or Auditor's office—accounts which are strictly for the information of

the engineering and operating officers.

Mr. C. H. Ewing (Philadelphia & Reading) :—I think the Com-
mittee is generally proceeding on correct lines. It appears to my mind

of distinct advantage for the engineer's office to keep an absolute

record of the cost of any particular item of work. I am also fully

aware, as Mr. McDonald has said, that it is impossible to finally com-

plete that account from the records in the engineer's office; but so far

as the work performed is concerned, there is no difficulty at all in car-

rying out that part of it. There are numerous charges made in the

general office against particular items of work, and upon inquiry we
very often find that the general office has charged amounts to a certain

account; that is something foreign to the actual work and should not

be taken into consideration in this matter.

Mr. Churchill :—It seems to me that the whole matter can be cov-

ered, if any railroad decides that the general scheme is a correct one

and to the advantage of the company. Our practice, and I think the

practice of many other roads, is that no bill shall be charged to any
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authorized individual piece of work unless that bill goes through the

hands of the Chief Engineer. It does not make any difference whether

it is a bill for track laying, which in nearly all cases is done by forces

under the Superintendent, or the bill of a contractor under the control

of the Chief Engineer, or a bill from the legal department. If the legal

department wishes to charge against an authorized piece of work, that

department should have some way of notifying the Chief Engineer that

it has made the charge, and thereby furnish a record. Of course, there

are many roads that do not follow the plan I describe ; but the point

I make is that it is an easy matter to route the bills so that the Chief

Engineer shall get a record of them. It is seldom my office is obliged

to go into the Comptroller's office to find a bill that has slipped through

without any record thereof. We are working in close touch with the

Comptroller—of course he is the grand assembler of all accounts—but his

office works in close touch with mine; and everything goes on easily,

and we secure our record. As far as expense goes, it means to my office

the cost of one good clerk to carry this system through.

The President :—The Committee would like an official expression

on conclusion No. 3, as to whether it meets the views of the convention

or not. The Committee desires that some member make a motion either

for or against the adoption of conclusion No. 3. The expression of the

Association will then indicate to the Committee somewhat their method

of work for the coming year.

Mr. Churchill:—I move that the conclusion be approved.

(The motion was carried.)

The President :—The Secretary will read conclusion No. 4.

The Secretary:
—

"(4) No special forms are required, in a proper

system of IMaintenance of Way Office records of the designs of bridges

and culverts. Such records should be kept in accordance with the fol-

lowing system

:

"(a) The Chief Engineer, or other officer having in charge the

design and care of bridges, trestles, and culverts, should keep on file

in his office complete plans of every structure showing all its details, its

location and the physical characteristics of the territory within a reason-

able distance of the structure.

"(b) When changes in the design of any structure are made, a

record of the changes should be reported to the head office and the

record plans should be at once brought up-to-date.

"(c) Division officers having in charge the maintenance of bridges

should keep on file in their offices blue prints of the general and detail

plans of all bridges, trestles and culverts, and these prints should be

furnished from the office of the Chief Engineer or other officer in

charge of the design.

"(d) Photographs of the record tracings of bridges should be

prepared and furnished to division or other officers for use in the field.

These photographic copies would be of standard sizes and kept in

atlas form.
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"(e) The record of the condition of the bridges should be kept

in accordance with the system outHned in the Manual of Recommended

Practice, pp. 98-103."

Mr. Wendt :—By way of explanation, I would state that in former

years the Committee reported in regard to the method for recording the

results of the inspection of bridges. Therefore this report does not

touch upon that point. It covers the maintenance of way office records

01 the design of bridges and culverts.

The President:—If there is no objection, conclusion No. 4 will stand

approved as read. The Committee desires that conclusion No. 5 be read

and referred back to them.

The Secretary:
—

"(5) The Committee makes no recommendation in

regard to conventional signs, except that the subject, after being dis-

cussed by the convention, be referred back to the Committee for further

study and report."

The President:—If there is no objection, conclusion No. 5 will be

referred back to the Committee.

The Secretary :
—

" (6) A profile showing complete information

respecting the rate of progress of work pertaining to the dififerent

features of a railroad is necessary, and the standard 'Progress Profile,'

form M. W. 1015, is recommended as good practice."

The President :—The Committee desires that conclusion No. 6 be

discussed and either adopted or altered with a view to publication in

the Manual. The progress profile shown on the plate is a typical section

prepared by Mr. Tye, of the Canadian Pacific, showing their practice.

Mr. Tye :—I desire to say that we use this for new lines. I do

not know whether it would well fit the progress profile where you

were simply making improvements on existing lines.

The President:—The chair would say that in grade revision work

he uses almost an identical profile and has no difficulty.

Mr. Tye:—Yes, on grade revision; but I mean on very small work.

The President :—Changes of two and three feet, as well as heavy

changes, show up very plainly on this profile.

Mr. Tye :—We use them for that, too.

Mr. Wendt:—The Committee received a number of profiles from

different railroads. It was necessary to settle on some general form,

and this one seemed to meet the requirements so excellently that it was

adopted.

The Secretary:
—

"(7) A track chart showing complete information

respecting the grade, alinement and other physical features of a railroad

is necessary, and the 'Track Chart,' form M. W. 1016, is recommended

as good practice."

The President:—The Committee would like to have the convention

indicate its approval or disapproval of the track chart submitted.

Mr. Tye :—It is not very clear how the weight of rail is to be

shown. I notice it is indicated by different colors.
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Mr. Wendt:—The illustration is somewhat defective, therefore does
not show up properly.

Mr. Buck:—I would suggest that the item of "iMake of Rail" be
inserted following the items of weights of rail, instead of being placed
further down among other subject matters.

Mr. McDonald:—Is it the understanding that if this track chart is

adopted, the Committee will finally make their conventional signs to

conform to it?

Mr. Wendt :—While this track chart unfortunately does show some
conventional signs, we are not certain that these will be the ones
which the Committee will recommend a year hence. As there are many
other details of our work which have not been finally passed upon by
the Association, we will have to consider this with the understanding
that when standards are adopted the work of the Manual shall be
brought up-to-date.

Mr. McDonald :— I move an amendment to conclusion No. 7 to the

effect that a track chart in general form similar to that shown be
adopted, because if we adopt this as it exists we are adopting many
conventional signs that we have not passed upon at all.

The President:—The chairman of the Committee suggests that this

same end could be attained by adopting the conclusion as read, with the

modification, "except the conventional signs, which are subject to the
later action of the convention," and the Committee will embody that

phraseology in the conclusion.

If there are no objections, conclusions 6 and 7 will stand approved
as amended. The Committee states that all the points they desire to

bring before the convention are now covered. The Committee desires

suggestions from the members concerning the work for the coming year.

There being no suggestions, the Committee will be relieved with the

thanks of the Association.





REPORT OF SPECIAL COMMITTEE ON CLASSIFI-
CATION OF TRACK.

To the Members of the American Railway Engineering and Maintenance

of Way Association:

Your Committee on Classification of Track begs to submit the fol-

lowing report for adoption

:

Recommended, that when a district of a railway has reached the

conditions of traffic hereinafter specified, it shall be placed in one of the

following classes

:

Class "A" shall include all districts of a railway having more than

one main track, or those districts of a railway having a single main

track with a traffic that equals or exceeds the following:

Freight car mileage passing over district per year per mile 150,000

or. Passenger car mileage per annum per mile of district 10,000

with maximum speed of passenger trains of 50 miles per hour.

Class "B" shall include all districts of a railway having a single main

track with a traffic that equals or exceeds the following:

Freight car mileage passing over district per year per mile 50,000

or, Passenger car mileage per annum per mile of district 5,ooo

w'ith maximum speed of passenger trains of 40 miles per hour.

Class "C" shall include all districts of a railway not meeting the

traffic requirements of Classes "A" or "B."

The statistics collected by the Committee, on which the above con-

clusions are based, are printed herewith as an appendix.

Respectfully submitted,

Chas. S. Churchill, Chief Engineer, Norfolk & Western Railway,

Roanoke, Va., Chairman.

W. M. Camp, Editor, Raihvay and Engineering Reviezu, Chicago, 111.,

Vice-Chairman.

C. H. AcKERT, Vice-President, Southern Railway, Washington, D. C.

D. D. Carothers, Chief Engineer, Baltimore & Ohio Railroad, Baltimore,

Md.

W. C. Cushing, Chief Engineer Maintenance of Way, S. W. Sys., Penn-

sylvania Lines, Pittsburg, Pa.

331



332 CLASSIFICATION OF TRACK.

W. A. Gardner, Vice-President, Chicago & Northwestern Railway,

Chicago, 111.

W. J. HarahaNj Vice-President, Illinois Central Railroad, Chicago, 111.

Wm. Hunter, Chief Engineer, Philadelphia & Reading Railway, Phila-

delphia, Pa.

J. Kruttschnitt, Director Maintenance and Operation, Harriman Lines,

Chicago, 111.

Wm. Michel, Engineer Maintenance of Way, Hocking Valley Railway,

Columbus, O.

C. A. Wilson, Chief Engineer, Cincinnati, Hamilton & Dayton Railway,

Cincinnati, O.

H. R. Williams, President, Pacific Railway, Seattle, Wash.

Committee.





APPENDIX. TRAFFIC STATISTICS OF AMERICAN RAILWAYS USED IN CLASSIFYING TRACK.

NAME OF ROAU,

Alabama UlttAr but thkkn ;

Chattanooga to Birmingliani

Birmingham to Meridian

Chattanooga to Meridian

Atlantic Coast Line:
Richmond to Savannah
Norfolk to Columbia (via Wiln
Savannah to Jacksonville

Jacksonville to Port Tampa....
Baltimore & Annapolis Sitokt Li

I1VLT.M0RE& Ohio;*
Philadelphia to Baltii

Baltii /ick.

Harper's Ferrv to Staunton
Brunswick to Grafton
Grafton to Parkersburg
Grafton to Wlieeling

Wheeling to Chicago Junction
Wheeling to Lorain
Wheeling to Kenova
Cumberland to Connellsville

Pittsburg to New Castle Junction
New Castle Junction to Chicago Jiinclmu
Chicago Junction to Chicago

Baltimore & Ohio Southwestern;
Cincinnati to Columbus and Belpre
Cincinnati to Louisville and Washingto;

Ind.

Washington to St. Louis and Springfield

Division

i.lincham Dav & British Columbia;
Bellingham to Glacier

Boston Elevated Railway ;

Cammal & Black Fore.st:
Cammal to Pump Station
Pump Station to Carnett
Pump Station to County Lino .

Canadian Pacific:
Browuvillc Jet. to M'eganlic
Montreal to Smith's Falls
Chalk River to North Bay ...

Carolina & Northwestern :

Chester to Lenoir
Central New England:

Hartford to Poughkeepsic Jet.
Central of Georgia :

Savannah to Maeon
M.icon to .Mlanta
Columhus to Birmingham
Southwestern Di\'ision

155,000
155,000
171.000
112,000
98,000

16d,"00
210,000
108,600

193,500
193,500
193,500

193,500
193,500
124,600

103,500
193,500
193,500
193,500

162,,580

102, .^80

lli2.5S0

133,099

2.56,000

256,000
274.000
187,000
161,000

263,500
.349,000

173,600
336,600
336,500
336,500
336,500
336,500
184,600
336,,500

330,500
336,500|
336,500

288,.380

288,.380

288,380

203,000

100,000
100,000
100,000
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NAME OF ROAU.

Central Vermont:
Northern Division

Southern Division

Chesapeake & Ohio:
Old Point to Gladstone
Gladstone to Clifton Forge
Clifton Forge to Russell

Russell to Cincinnati

Lexington to PrestonbnrK
Whitcomb to Barton

Chicago & Eastern iLLiNni,

Chicago to Terrc Hauti'

Chicago to St. Louis
St. Elmo to Thehes. .

.

Momcnce to Brazil.

.

Chicago & Northwestern
Galena Division
Iowa Division

Wisconsin Division .

.

Madison Division ....

Peninsula Division

Ashland Division

Nebraska & Wyoming Division.
Minnesota Division
Northern Iowa Division
Northern Wisconsin niviM..;i

Chicago, Biirmnoihn & gi ini \

Galesburg Divisimi

Bcardstown UivKinn
,

La Crosse Division. .

Chicago Great Western .

St. Paul toOclwein...
Oclwcin to Chicago .

OeKvein to Kansas City
Oelwein to Omaha

Chicago, Indianamlis & LoiMsvn.i.
Chicago to Lafayette
Lafayette to New Albany
Monon to Michigan City
Monon to Indianapolis
Bedford to Switz City
Orleans to Frencli Lick

Chicago. St. Paul, Minneapolis 8
St. Paul to Elroy
St. Paid to Duluth
St. Paul to Sioux City
Sioux City to Omaha

Cincinnati, New Orleans & Texa
Burgin to Somerset
Ludlow to Somerset
Somerset to Chattanooga
Cincinnati to Chattanooga

186,225
186,225
186,225
186,22;

99,000
121,000

187,000
187,000
187.000
187,000

162,500
1(12,6011

162,500
ie2,.'iOll

1(12.500

102,500
139,100
125,000
8:i,S5il

1,53,000

200.000

102,300
192,300
102,.'!00

192,300

1811,700

184,G(H1

184,00(1

184.600
109,000
109,000

167,400
167,400
1.18,000

146,300

303,625
303,(1:

303,6:

307,000
307,000
.107,000

307,000

320,000
201,000
301,00i:

310,300
310,301
310,.30O

310,300

333,700
314.600
314,600
314,000
185 000
103,000

279.8.50

270,85(1

264.(00
251.600

41,720
41,720
41,721

48,000
48,000
48,000
48,000

48,500
38,000
45,000

48 500

48,500
48,500
48,500

42,000
.38.000

38,000
SK.OOO

26.000
33,500

40,450
40,450
40.084
:i6,|l34

147,000
147,0110

190,0(10

160,000

70,900
76,900

180,000
180.000

116,000
116,000

158,000
158,000
158.000

158,0011

137,000
109,2110

139,100
126,900
88,,550

63,550

183,000

177,700

177,700
1.30,475

112,000

157,.->00

1(17,5110

109,000
108,000

189,700
130,700
130, 70(

92,5U0

229,500
229,500
313,400
207,7,50

138.400

138,400

310,000
310,000

199,000
199,000

298,000
298.000
208,000
298,000
247,800
247,800
230,700
208,300
170,6.">0

170,550

304,000

300,300
300,300
212,600
203,700

29,5,000

257,000
2.57,000

295,000
185.000
192,000

318,700
238,200
238,200
166,100

26,80()| 122,000

33,400
38,400
44,000
44,433
24,.'lOO

24,800

52.000
52,000
40,000
40,000

45„500
45,.500

45,500
45,.50O

37.400
43..500

43,500

34,100
28 400
28,400

49,000

47,825
47,825
34,358
47,82"

48,750
42,000
42,000
48,750
26,000

33,500

41,534
41,350

41,350
30,S0U

35,.5O0

:!5,500

3o,.500

35,.500

35,500
.35..5(H)

37,500
37.500
37,600

37,500

30,000
30,000
30,000
30,000
30,000
30,000
30,000
30,000
35.000

35,000

35,000
35,000
35,000

87,820
27,820
37,820

27,820

38,000
38,00(1

:)8,000

:is,ooo

38,001

:t8,00i:

4,845
5,111
3.047

2,0,5
2,101

1,007

2,031

2,330
2,550

3,61.-

2,767
3,301

3,000

4,450
3.500

3,335
1,779

1,384

2,080 13,304,7111

8S.

3 -

No. o( Tracks.

8,567' 1,337.551
l,I50l 746,844
1,619] 1,8.15,871

4,000' 574,020
2,80(i; 1,402,800
2,000j 960,340
2,700' 1156,470

!>.|4,30U

34,491
43,196
42,809

33,141
15,1180

12.139
7.387
9,9.i4

11,491

19,110

1,51.3,049

156,642

1,551,.W4

16,805

127,286
145,870

.

I.'i0,3l9

74.862
53,516
43,6.52

27.,553

32,1129

46,890
71.011

112,286

113,708
58,662

70,000
1.16,000

61,000
39.500

Sin. S: l)l)lc.

Sin & DbU>,
Sin (t Dblc.

I Double

Siugle.

Ill

2.364

1,133

3,306,488 3,821,969

4.026,287 4.67l.221i

11.1."

6|4:i4L

3,486.
f,092
!l,29i

10,234 .

13,884
6,.535

10,187

21,600 .

111,460

11,600
9,300 .

11,829

6,664

Single

Single

7711 Sin. 3U Double.
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NAME OF ROAD.

Cincinnati. Hamilton & Dayton:
Cincinnati to 'I'oledo

Hamilton to Indianapolis

Indianapolis to Springfield

Dayton to Wellstown
Dayton to Dclphos
Findlay to Ft. Wayne

CoAj. & CoKF R.>.ll.\VAv:

Cliarleston to Gassaway
Leiter to Adrian
Belington to Mahie

Colorado Midland;
Colorado Springs to Divide
Divide to Florissant

Florissant to Bath
Bath to Le.adville

Le.idville to Basalt
Basalt to New Castle. .

New Castle to Grand Junction
Cardiff to Spring Gulch
Basalt to Aspen

:iNGs & Cmi'i'LE Creek District-

Ran
) & Penn
. Vall

Martinshnrg to Harrisburg
Winchester to Martinshnrg

Delaware, Lackawanna & WE5TE»^
Bingliamton to Washington
Buffalo to Binghamton
Bingliamton to Oswego
Clienango Forks to Utica
Hoboken to Washington
Portland to Easton

DuLUTH, South Shore & \tlan
Mineral Range:
Sanlt Ste. Marie to Marquette
Marquette to Houghton
Nestoria to Dulnth
Houghton to Calumet

El Paso & Southwestern:
Erie :

Jersey City to Port Jervis
Port Jervis to Susquehanna
Susquehanna to Hornellsville
Hornellsville to Salamanca
Salamanca to Mf.idvilK-
Mcadvillc to Kent
Kent to Galion
Gallon to Huntington.
Huntington to Chicago
Youngstown to Cleveland

lil.OOO

171,000
122.600
122,600

100,200
100,200

185,000
186,000
186,000

183,900
I83,U00

183,900
136.150
156,l.i0

150,150
128.300
128,300
128.300

170,000
168,000
174,000

200,000
178,000
115,00(1

118,000l
186,000
130.000

100,000
100,000
00,600

193,000
224,000

202,000
209,000
202,000
200,700
200.700
200,700
202,000
202,000
2112,000

202,000

287.000
287.00(1

176,0001

285,000
285.000
2.S5.0O0

310,800
310,800
310,800
266.400
266,400
266,400
221,.WO
221.500
221,600

276.000
268,300
2.17,200

.120,000

208.000
185,000
IH2.300

306,000
200,000

162,000
162,500
155,000
308,000
369,500

369,000
339,000
339,400
337,700
337.700
337,700
339,000
339,0001

339,000
339,000l

37,6019

39,50(1

35,300
35,300
24,700
24,700

31,S

46.300
46,300
46,300
43,100
43,100
43,100

38,176
38,175

38,176

38,000
40,000
45,500

61,333

30,375
33,330
34,230
.'>1.333

33,800

28,000
28,000
26,000
44.000

47,330

47,000
47,000
47.000
47,700

47,000

47,000]

47,000
47.000]

l.KJ.OOO

IStj.dOO

11!I.OO(

119.000

102,000
1(12.000

102,000

170.000
140,000
146,!->00

201,000

140,000
102,500
112,000
2111,000

84,000

95,000
9.5,000

0.5,000

95.000

163,000

182,900

182,900
151,000

151,600

186.700
186,700

186.700
186,700

242,000
242,000
203,000
203,000
l.i0,U00

160,000

174,000
174,000
140,000

310,800
310,800
220,000
220,000
223,150
205,700
205,700

270,000
224,000
208,750

321,(100

247.600
180,000
189,000
321,000
150,,500

1.50,000

150,000
150,000
1.50,000

319,900
319,000
267,800
267,.'i(10

323,700
323,700
323,700
323,700
323,700
323.700

r.soo37,500

37,500
3B,C00
39,000
24.700
24,700

38.0001

38,000
38.000

46,.i00

46,300
39,225
39.225

37,650
.35,100

35,100

38.000
40,000
34,250

46.600

46,500
37,650
4O.(,00

46,500
36,000

29,000
29,600
20,000
29,000
39,330

45.000

45.000
44,200
44,200
48 400
48,400
48,400

48,400
48,400
48,400

40,000
40,000
31,000
31,000

31,000
31,000

31,000
31.000
31,000

25,000!

27,000
36,125!

I

34,300

34,300
34,30(1

34.300J
34.300
34,3(1(1

22,600 14.5
22,600 14

22,500 13

30,000 14

37,000 2;i

37,700 20.6
37,700 22.3
37,700 24
37,700 19.1
37.700 24
37,700 20.1
37.700 20.5
.17,700: 21.2
.37.700 10.4

37,700l 12.1

2.
I
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STATISTICS OF AMERICAN RAILWAYS USED IN CLASSIFYING TRACK—CoKti.n.ed.

EVANSVILLE & TeRRE HaUTE
Evansville to Tcrrc Haiiic

Straight Line Jet. to Spring Hill

Mt. Vernon Jet. to Mt. Vernon
Fort Worth & Denver Citv :

Grand Rapids & Indiana :

Richmond to Mackinac City

Richmond to Grand Rap:
Grand Rapids to Mackinac Cily

Richmond to Fort Wayne
Fort Wayne to Grand Rapid:

Grand Trunk Railway
Northern ;

Diihith to Cass Lake
Wayzata to Wilhiiar
Willmar to L:

! to Mint
Halifax & Yarmouth
Hock INC V.

Illinois Central:
Chicago Divis'

St. Lou;

Springfield Division
Freeporl Division .

Diihuque Div
Omaha Division . .

.

Lotu'svillc Division
'rcnnesscc Division .

Mississippi Division
Louisiana Division

International & Great North
Longvicw to Galveston.
Palestine to Laredo
Fort Worth to Spring

Iowa Central:
Albert Lea to Albia
Oskaloosa to Kcithshurg
Kcithsburg to Peoria
Hampton to Behnond
Rclmond to Algona
Marshalltowii m Stony City,
Ncvvburg to Stat; Center.
Grinncll to Mom
New Sharon to Newton

I.AKr Superior & IsiirEMiNC. Marque
S. E., AND MUNISING RAILWAYS:
Presquc Isle to Ishpeming

,

' West Yard to Lawson ,

Munising to Little Lake
Lehigi & H
Long Islanh:
Louisiana & Arka

3





ir AMERICAN RAILWAYS USED IN CLASSIFYING TRAC <>_

i'lAME OF ROAD

t Kailwav St Navio

_ .__ . Monclova.

.

Monclova lo Jaral. .

Mniitcrcy to Rc.'it;i

l>i,ir to Torrcon

Inrrcdii to DiirailKo

Kuata to MoiitiTcj-. ..

< tiroAN Cptn-RAL

;

MufTal.. t" Dctrnii

jarks,

Hay C
. Day in,

, V.., lo Mackinaw
Toil lo Bay City

Winthrui) 1

St I..

W.,

i.tT St.
p'

Minncaiinlis
Minneapolis

Ills to Kansas City
^ lity to Omalia .

.

...^ & SAU1.T
Saull Sic Ma
Portal

to Hoi

I.ittic lioik t

I.itllL' Kock t

iim.t S- Oiiin:

liist St Urn

l-|...ll.,l.,.nl; , I,,

Nasluilli- iM II

Atlanta to ih
i^idiicah !•> M-
Hechfrd t.i i .1

F.lora to (ii.lMi,

I'lillalioma lo 1

204.000
162,200
204,0(10

W2,200
11.1,000

102,200
2O(.0O0
208.200
208,200
1H2,200|

i-.>ii.iiooi

Hi; ..TOO

120,hOO

10^200
163.200

163.200

104.500

334.0110

270,000
334,000
270.600
IK'J.OOO

270.600
334,000
.326,600

.326.600

270,600

222,000
:io»,oo«

190,800

270,200

270,200
270,200
178,000

39.6o0|
30,l!50i

.30,6.''i0|

39,050
3U,650!

36,275

45.000
41,333
45.000
41,333
23,7.';o

41,3:13

43,000
43,000
43.000
35,5'

34,400
43,600
36,300

41,800
38,250
38 250
28,000

s
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NAME OF ROAD.

Nc-w Orleani in Mcridinn

Ala. & Vicksbiirc Ry
v., S.& P. Railway

EW VoRK Si PENKsyi.v,vNl.\

F.w YoUK Centkal & HUDSOK RiVB
Hudson Division

Harlem Division

Wi-.«1 Shore—River Div.M..,,

New York & Putnam Dui^
Mohawk Division

We»l .SIi„r,'-Mol.;nvk Ih^i.v n

.M. & M .iii'l Si. I. S A |.i,i-i.,t

We-l.M. II..1 ..:n

K. W S I-

I'ennMli

lello to llu iniRlo

Pocatetlo t

Ogdcn to Carlin
Carlin to Sparks
Salt Lake to Pocatello
Ojtden to Sparks
Silver Bow to Biittc-

Pocatello to Ogden

IH,5U0
I12,90e
111.500

112.000

175,000

157,100
120 000
liO.OOO

220,200
12n.lJ00

:(A(.o & .St, U.iMs:
IfnlTaln to Cliieago 100,000

u ^'(ll(K, 1'ini.AiiELPiiiA & Norfolk :

t ..|H- Charles to Delniar .and Chiisfield.Md. 146 200
ur.u.K & Westkiin ;

Norfolk to Roanoke 175,000
Durham to Uynchhurg 124,uoo
Magerstnwn to Winm.>.,-Sal.-iii . l7S,(ai0

RoannW.- 1.. H1...-M.I Isiiooii

r.icinc Dr
Idaho Divi

Rocky Mo

172,5001

164,400
172,,'iOOl

2M,600
107.000
201,500
178,000

289,000
26,1,100

102,000
192,1100

3,57,700

192,000
2«:i,8l

3i7,700

203,800
302,.'io0

265,000
208,000
2«.',,((10

221.000
.10!l,800

293,060
40.1,500

303,8)0
264,,'iOO

263,400
264,600

39.770
3i;i00
30,500
2.3,600

45,700
35,800
35.800
35,800

51,000
35.800
.14,400

51,000
34,400
51,000

40,430

43,000
.32,000

43,000
44,C0I)

13,000

34.000
44,625
47,933
58,000
40,500
55,000
43,000
42,000

45,300
43,050
48,000
48,000
48.040
47,440
34,4I>6

115,.j00l

115,11110

1111,110

2oo.ono
IIIH.OIIO

134.500

113,20(11

1113,00(11

132,000

156,000
163,000

163,000

l,Vi,000

IS.'.OOO

io;),ooo

V.'4,000

iiKi.uoo!

I'.lli.OOO,

219,000
160,4110

lo5,.500

J,B„500

139,700!

l.a.oWll

186,020

196,000

196,00(1

186,020

222,000

215,000
215,900,

213,600!

142,0001

324,000
283,700
328,100

169,200,
,342,(100

290,000
28;,900
342,000
289,000
210,100'

234,700

185,200

284,000
216,000
244,000
284,000
284,000
244,000
216.000
284;00(.

208,000

no.soo
319,400
310,400
319,400
347,000
254,400
249,500
249,500
232,000
249,500

314,553
328,840
328,840
314.5.53

351.840
.306.000

2:».4.T3

30.350
34,460
34,500
24,600

48,000
45,700
41,500

11,300

31,300

47,000
36,000
43.000
47.000
47,000
43,000
36,000
43,000
34,(100

32,000
41,000
44,0(10

44.000
40,000
.38,800

38,800
38,800
37,000
38,800

31,000





.'irrnwuiA.

NAME OF ROAD

Ukecun R. R. & Navigation Co.:
Porlbml Division |

I'ciidlclon to Spokane
Ashland 10 Portland

Fknnsvlvania Railhoau (Limes East op
Philadclfiliia to Pittsburg I

New York to Philadelphia
Sunlniry to Erie

I

Pittsburg to BufTalo
Baltimore to Sunbury
Philadelphia to WashinKK
Plitl.'idelphia to Cape May and Atlantic

City

Pi!iiF. MAHQUirrrE:
I.itdington to Sagii

Bay City to Toledo
Sagir
IV Mil

. Port Hu
.1 In P.irt

(,nn,.l R:,|,..K lo Saginaw
Alk-Kan 1,> Pcnlwatcr
Walkerville to St. Thomas

iii-Ai)ii.riiiA & Rkading:
Philadelphia to Pottsvillc

Allentown to Harrisburg
Tainaqua to Newberry Jet
Reading to Columbia and Wilmington...
Philadelphia to Bound Brook
Philadelphia Division
Camden to Atlantic City and Cape May-

l.iil * I anil, Clylo l.uiiisville & Mad.
tnicitniati to Logansport
I riinvav ti) Morrow
Iltadh.ril to Chicago

rt-iiuRii, SiiAWMUT & Northern:
NCY, Omaha & Kansas City:
Quiney to Milan

» City .'.'.'.'.'!!Milan
Rutland.
S*N Antonio & Aransas Pass:

, Fe Ra

Shopton t< .__. _.,^
Kansas City to Emporia....
Emporia lo Newton
Newton to La jimta
t.a Junta to Albuqneniuo

sri Fe PRi-MOTr x' I'h>.i..v,.v Rv.'

144.400
lei.eoo

l«3,60O
1U3,5(XI

193,500

181,60U
Ittl.SOO

181.600

119,700
IS^.'iOO

151,OUO
181,500

181,500
151,000!

1011,000

leo.oou

171,100
i:!0,ooo

ni.ioo
137,000

121,700

193,500
193.500

103,500

108,600
147,200
124,800

193,500

204,000

104,OOOI

210,1001

:il 1,0001

329.800
340.900
21)7.300

:)3(i..lOO

.138,.500

33H..'iOO

:i3li.500'

33e,.')00|

308.000

305..'i.0

305.500
305,,50«

201,00(1

246,000
305,500
305,500
24(1,000

181,.'.nol 305,.'i0O

296,3(10

298,3(1(1

.1(11,10(1

228,J(J(I

301,1 (HI

246.100
230,100

336.800

336.500
328,200
230,500
178,300

235.500
204,087
336,500
314,000

204.000
a54,900
3.13.700

202,200
:i2a,790

443.741)

31ti.050

231.300

52,700
40,900
41,600

19,050

49,000i
49,0001

49,0001

49,000
49,000

47,7001

47,7001

47.700
31,700
42,000
39,000
47,700
47,700
30,000
47,700

il.iain!

4«,670
51,700
45,000
42,430
50.180
.'iS.OliO

?5t

214,.500|

l:l(i,350,

IO*(,400!

IRl.lOOi

IKi.lOOl

182.000

160,000
91.8(J0

16(1,000

151,000

160,000
104..100

95.000

160,000

2ll>,10ol

201, .'ioo

201.5001

201,500
19.3,700'

210,100
47.7(Hl 21IU01
36.000 14^.000

347,100
222,000
178.000

315,0001

314,600!

218,000
315,000;

315,600

314,500

48.7001 182.000, 3H..i(l

279,1(10

279, lOU

279,100
162,.')00l

279.100
2411.000

168.000 313,000

'29,600 aO,000| 162,000

.3«6,0OO

.366.000

Xtl.760
3.>».IKI0

3.>4.900

236.900

45,900
37,650
33,000

61,5O0l

60,0001

.50,40(1

61,500.'

44,000
44,000
44,000
27,000
44,000
.39,000

44,000
33,000
30,150
44,000

37..500

44.000
49.700
31,500

61.600
61,6(

61,000
:18,950

47.650
31,300

61,600
20,000

22,500

51,700
(H.860
34,850
54,850
.50,71'^

.51.7001

.51.700'

40.200:

s





irlCS OF AMERICAN RAILWAYS USED IN CLASSIFYING TRACK.—ci^iniied. V

NAME OF ROAD.

1 & San FiiAMClsco:

St l-oiiis to Monett
Mdi.Ltt to Paris

Mr.ii.-tt to Wichita
MoiK-tt to Okhlloma City.

Snjiulpa to Slicrnian

K.1I1S.1S City to Siiriiiglitlil.

Springfield to_^ Memphi'

136,000 iiS.OOO

iipliiK to Birniiiigliain. ..

.

St. Louis to Big Creek
St. Louis Soltiiwestebn :

Texarkana to Birds Point.

Tcxarkana to Fort Worth...
Sii>KANE Falls & Northern:

Spokane tn Northport

18l).4()0|

17:i,SI]0|

121,000
ns.soo
n.-i,5oo

1811. 40V
173,500

173,500
173.500

Wasliiiigti Mo

I Div
Saeramento Division

•TiiKRN PACiKif

—

Atlantic Svstiim :

I'. & N. O. R. R. Main Line
T. & N. O R. R. Branches
G. H. & H. Ry
C. H. & S. A. Ry.-\l.r>, I :u

C. II. & S. A. Ry.-ll !i,

fi. H. & S. A.-El I'n-.i Ii,v,s„.„

Victoria Division

H. & T. C—Houston to Uenison....
H. & T. C—Garrett to Fori Worth.
H. & T. C—Hempstead to Austin.

.

•207,000

170,8411

207,HiO

140,000
111.000

140,000
176.040
III.UOO
2U7.0O0

84.."iOO

13.'i,0U0

125,000
108.000

108,000
123,700'

80,000'

80.000

322.800
307,500

100,000

2.'>8,300

105,400

320,000
320,001

200,200

:i2o.ooo

320,000
2SB.O00
S.W.OOO

.139,840

302,4.V1

339,840
344,700
344,700
339,840

240,924

1115,000

240,924
298,216
105,000

339,840
163,380
231,000
231,000
184,800

184,800
21.1,700

i:!2,000

1.12.000

iBl

Hi
Ik

k
g1

38,383

47,800
45,700
38,000
45,700
45,700
47.800
45,700

37,800
45,000
45,000
35,000
4.''>,000

45,000
36.000
.1.5,000

!>4..140

54.340
54,3411

64,.140

54,340
48,000

42.000
28,000
42.000

61,;

28,000
40,000
22,400
34,000
34,000
27,66«
27,600

94. 111"! 128,.iOO

220.211"!

220,2(lii|

171. 4ui)

186,000
IW.OOO
ise.ooo

1W,0(I«

ite.ooo

.88,000
188.0(10

196,000
196.01111

183.3.111

IW.i- i

97,l«ii'

119,300
119,30(1

80.00(1

80.0011

100,0(«i;

120,iMl|

120,000!

310,20(1

340,200
271,400
274,000
274,000
274,000
274,000
274,000

.106,1120

.1.10.800

330,800
339.840

198.000!

200.0001
200.000!

2i8.:iO(ii ai.oijo i42,0(«i.

47,21

45,000
45.000
45.000
45.000
45,000

63,000
53,000
47.760
53,000
.53,000

49,000

46,«3'

31,600
37,.150

45,83'

3:1,200

52,600
31.6(,0

89,250
.15,25(1

20.500

28,500
21.133
45,84'

45.837

.16.760

2
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DISCUSSION.

The President :—The next business in order is the report of the

Special Committee on Classification of Track, of which Mr. Chas. S.

Churchill is chairman. The report of this Committee represents a large

amount of work. The collection of statistical information has been dif-

ficult to secure and to tabulate, and the sheets attached to the report will

indicate the immense amount of work the Committee has had to per-

form. I\ir. Churchill will present the report.

Mr. Chas. S. Churchill (Norfolk & Western) :—By way of explana-

tion, "it may not be out of place to review somewhat the work of the

Committee. The Board of Direction appointed a special committee to

recommend a division of steam railroad track into three classes for use

as a basis for fixing standards. The need for this action was the fact

that the Association as a body had been quietly adopting important stand-

ards, many of which are very high, and are above the general practice

of but a small fraction of all the railroad mileage of this country. The
Association is on record as recommending that all railroads should have

a roadbed twenty feet wide, and other standards promulgated were on

the same ideal basis. This Committee was asked to differentiate, or at

least give a means for easily classifying districts of a railroad, so that

on portions of any railroad or even on the whole of some lines lower

standards of roadbed track and other items of railroad construction may
consistently be used.

Your Committee has endeavored to formulate, for the guidance

and information of the members of the Association, some rules of easy

reference and application for this purpose. The plan used by the Com-
mittee in order to reach a conclusion was as follows : At the outset,

individual members of the Committee and others of the Association had

ideas that possibly size of locomotive, maximum axle loads, character

of traffic, gross tonnage, revenue tonnage, train mileage, speed of trains or

car mileage of districts were governing features. Some thought one of

these, some thought another of them would be found most important.

Your Committee therefore asked for and collected from many rail-

roads important data under every one of these heads, as shown in detail

in the tables attached to the report. It has been through a careful study

of these statistics that your Committee discarded the size of a locomotive

used on a district as being in itself a ruling feature in this question of

district classification. Size of locomotives are often determined by ruling

grades alone and the heaviest types are_ often used on branch lines. All

districts must gradually be gotten in shape to carry high axle loads under

our method of general interchange of cars, hence the tabulated statement

333
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does not reveal strongly marked differences in this respect. Gross ton-

nage over a district is the true measure of the wear and life of rails, and,

to a certain extent, of the track superstructure as a whole; but this

data is not regularly kept nor easily secured.

However, the car mileage per annum per mile of a district is found

to vary closely enough for our purpose, with gross tonnage, revenue ton-

nage, or train miles of that district. It is a figure always of record;

and it is an item always considered in determining if any district shall

have additional main tracks.

Hence your Committee concluded that car mileage along with the

actual speed of trains is a proper unit for use in the proposed classification.

Actual car mileage and speed of trains can be applied under the rule

to any district of a railroad for determining the standard to be used or

corresponding prospective data can be advantageously used in the same

manner for railroads under construction in determining the advisable

standards of such construction.

With these few introductory remarks I think that the recommenda-

tions of the Committee become clear, and you will see that the aim of

the Committee has been to make them as simple as possible. The under-

lying note, if you want to read between the lines, is that we shall not

make the figures so high as to prevent many districts of our railroads

from adopting the highest standards ; on the other hand, we thought it

advisable not to make the limits too low.

The President :—The Committee's report is before the convention,

and we would like some discussion on it. The chairman suggests that

each clause be taken up in its order, and we will therefore take up

"Class A," which reads as follows : "Class A shall include all districts

of a railway having more than one main track, or those districts of a

railway having a single main track with a traffic that equals or exceeds

the following: Freight car mileage passing over district per year per

mile, 150,000; or, passenger car mileage per annum per mile of district,

10,000; with maximum speed of passenger trains of 50 miles per hour."

Mr. W. F. Tye (Canadian Pacific) :—It seems to me the Committee

has set this standard for Class A very low. I notice in some of the

statistics that the freight car mileage per annum per mile of track runs

up in one case to 1,550,000; in another case, 1,243,000; several cases,

600,000, 700,000 and 800,000. How are you going to classify such track

as that? It seems to me that where the actual work done is ten times

as great as the standard, the standard is either very low or another

standard should be set.

Mr. Churchill:—There is nothing to limit what a railroad can do in

the way of business, and it is not for us to limit them. The very fact

that a railroad has grown big enough to have more than one track we

argue should put it in line for adopting our highest standards, whatever

they may be.

Mr. Tye:—That is the point I wish to make. That is a single track

mileage. With that mileage you would necessarily have a single track.
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and not a double track. The standard is not set high enough for a

double track.

Mr. Churchill :—You will find from the definition that Class A in-

cludes all railroads having more than one main track. If a district of a

railroad has enough business to require more than one track, that district

is regarded as one which should adopt the highest standards of this

Association—Class A. It is for this Committee to designate the lower

limit—the point at which it is wise for any railroad to decide that a gjven

district on that road shall adopt the highest standards. We say, after

going over this table, and comparing the roads and knowing the roads

as the members of the Committee do pretty well, that we think that

150,000 freight car miles or 10,000 passenger car miles is this low limit.

For anything below that it would be wise to adopt the next lower

standard.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—I did

not understand it was the purpose of the Committee to undertake to

pick out what roads were to be classed as first, second and third class. I

understand that what they have published is merely incidental to their

work of fixing three classes of roads in order that this convention may
fix construction standards applicable to these different- classes, and al-

though a railroad happens to be so fortunately situated that it has such

tremendous traffic as Mr. Tye has called attention to, it does not follow

that a railroad which has not that traffic has not a track good enough

to warrant taking care of it.

Mr. Tye :—If they have not got this tremendous traffic, they do not

want as high a standard. If they have such tremendous traffic, they

certainly want a higher standard.

Mr. McDonald :—If a road has a train running at the rate of 50 miles

an hour, and only one train a day, it must have its track in condition to

take care of it.

Mr. A. M. Shaw (Civil Engineer) :—I think the Committee's report

can be considered consistent in that the varial)le element due to the

different conditions of traffic is not touched on, the amount of labor and

material, etc., that would be required for repairs.

Mr. C. H. Ewing (Philadelphia & Reading) :—I want to ask the

Committee if they have made any computation as to the percentage of

roads that would be first class under the proposed classification. I refer

to the list of roads they have furnished.

Mr. Churchill:—No; we did not follow that line exactly. You
noticed we asked the roads to give us the information by districts. I

think that nearly all our railroads will have one or more districts which

will not meet our requirements for Class A. We do not want to rule

out all single track railroads, simply because a double, three and four-

tracked railroad runs a million cars per mile. We think that many of

the single track railroads should be made first class in their standards.

Therefore, we must place the limit low enough to let in districts of

single track railroads whose business is of such a character, either pas-
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senger or freight, as to warrant them in liaving a first-class roadbed,

and in adopting first-class standards. It is for that reason we thonght

it wise not to place the limit too high, and so we made it 150,000 car

miles. One trunk line represented on our Committee—and our Com-

mittee are practically a unit on this report—has fast trains, many of

them merchandise freights, and there are some districts of his road

where the fast trains run in greater numbers than on other sections.

That district of the road should use the highest standards, and they

should consistently have a reason from our Committee for their belief,

and this same argument will apply to many other roads.

While I am on my feet I want to mention another matter. This

tabulated statement which has been prepared only with great trouble, as

has been remarked by the President, was arranged very largely by Mr.

E. H. Fritch, our Assistant Secretary. He astonished nie by the pains-

taking work he has done on this report all the way through. Several

errors in the original returns were discovered and corrected by him.

He even set the type from which these tables were printed. I think the

Association should recognize the efforts of Mr. Fritch in this respect.

Mr. Robert Moore (Consulting Engineer) :—The remarks of the

chairman discloses the fact that the real criterion is the quality rather

than the volume of traffic. If you have one high-speed train, requiring

heavy locomotives, it would be sufficient to indicate that you should have

a first-class track.

Mr. H. J. Slifer (Contracting Engineer) :—A person considering this

report might be led to believe that he should adopt Class A standards if

he was hauling 150,000 car miles a year. Eliminating everything except

freight tonnage from consideration, 150,000 car miles would represent ten

trains a day over that district. The district would naturally be about

100 miles, which is the length of an ordinary district. It seems to me

the limit, so far as the tonnage is concerned, has been placed too low by

the Committee. I believe it should be placed higher, or an extra class

should be provided. I do not know any road, with five trains in each

direction, over 100 miles long, that would necessarily have to adopt such

a high classification for its tracks.

Mr. L. C. Fritch (Illinois Central) :—1'hc Committee has tackled a

very difficult subject, and one which the railroads will hesitate to adopt,

I think, for legal reasons. The question is, if we set up various stand-

ards of track, and the attorneys get hold of it, whether or not it will

not work to our detriment. It is a very delicate subject, and a number

of executives think we should consider it very carefully before we adopt

it. The Committee's work, however, has been thoroughly done, because

if you apply it to any trunk line you will find that it fits present conditions

very closely. If districts of a road are not admitted to the different

classes on the freight car mileage, they may be admitted on the passenger

car mileage, so that it actually works out very closely. The Commit-

tee has considered that very thoroughly, and when applied in practice

it will be found to work in almost nine cases out of ten. I think, how-
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ever, that one thing is not as clear as it miglit he. In Class A, where

it says that "a railway having more than one main track, or those districts

of a railway having a single main track that equals or exceed the fol-

lowing," etc., does the Committee intend to include any part of the

district where there is a double track—whether that should be con-

sidered as Class A? It may extend over only a few miles of the dis-

trict ; that is not quite clear. There is also another feature—perhaps

ihe maximum speed of passenger trains at 50 miles an hour would allow

almost any road to enter that class, because at some time a passenger

train may run faster than the maximum schedule speed, which is usually

limited to 40 or 45 miles an hour.

As to the question of the dense traffic over the Eastern lines, it

must be remembered that the Pennsylvania and New York Central are

three and four-track railroads. When the dense traffic is distributed

over three or four tracks, or the total traffic divided by the total number

of tracks, you will find the traffic is not greater per track than that

shown by the Committee's maximum. I think the Committee has ap-

proached pretty closely to the proper limit. If you change the maximum,

150,000 miles, you will exclude roads which should come under the classi-

fication.

Mr. Churchill :—The Secretary mentioned legal matters. That sub-

ject has been brought up many times as a sort of bugbear before this

Association, but whenever the matter has been threshed out, it has

generally been dropped as not very important. I wish to make clear

the point I referred to in my opening remarks—that this Association

has done something much more serious three or four years ago when

they stated that railroads should have a twenty-foot roadbed, and again

the thickness of ballast, when there was but a small fraction of the rail-

road mileage that had any such conditions. We are now preparing the

basis for a lower set of standards. We are improving the situation and

making it possible for the Association to put itself in better shape

legally, and do it in such a modest way, if you please, that we think

that the sharpest lawyer cannot make very much use of the proposed

limits for standards. While we may not have covered the subject in

the best possible manner, and would like suggestions, nevertheless we

had in mind the questions of the Secretary from the outset.

Secretary Fritch spoke also of the speed of trains. We discussed

that question, whether it should be schedule speed or not, and we have

used here simply the word ".speed," meaning the allowable speed on

the district, which generally appears on the time table ; it is the speed for

which the road is built.

Mr. Tye :—I do not want to be understood as saying that a road

with a car mileage of 150,000 miles could not have a good roadbed or

track or anything of that kind. What I object to is this—up to 150,000

car miles per mile of track, you have three different standards; and

further up—to 1,500,000 miles—you have nothing else. For the lower

one-tenth you have three standards, and for the upper nine-tenths you

22
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have nothing else. I do not think you can induce a Board of Directors

to spend the same amount of money to get a good track where you had

150,000 car mik's that you could if you had 1,500,000 car miles.

Mr. W. M. Camp (Railway and Engineering Review) :—A freight

car mileage of 150,000 per year per mile of track amounts to about ten

trains per day, figuring fifty-car trains. Some locomotives can haul more,

but does the average locomotive haul fifty cars to the train? When
we consider 1,500,000 freight car miles, that means five thousand cars a

day. Can you get five thousand freight cars a day over a single track?

If you can, you will have close work for the passenger trains. Secretary

Fritch suggested that that traffic should be divided over four tracks.

If you do this, you will not have the proportion of one-tenth. The

item 150,000 freight car miles refers to one track, or 500 cars per day.

That would mean twenty trains of twenty-five cars each. I do not

think, considering general conditions, that we should assume as heavy

trains as fifty cars.

So far as establishing standards of track is concerned, I do not

think this Committee has done it—other committees have had to do

with that. As I understand, the Roadway Committee and the Ballasting

Committee have already established standards of track. It seems to me
that that criticism applies to the other committees.

Mr. A. L. Buck (Canadian Pacific) :—There is one division on the

road with which I am connected that I believt handles more than a thou-

sand cars in one day on a single track. It seems to me that we have got

to meet this operating condition. It is a difficult matter to prevent the

operating department from putting on power to haul the trains. The

tendency is to heavy tonnage and it requires heavy engines to haul it.

If a road is mostly equipped with heavy engines, there will be times

when it will be convenient to run these over the less important lines

;

besides many of the heaviest loaded cars will be hauled over these lines

from time to time, and they are nearly as trying on the track as an

engine. The tendency is to heavy trains, and a track that has to main-

tain one heavy train per day or one fast passenger train comprising

coaches and sleeping cars has to meet conditions requiring strength in

the track to a much greater ratio than that represented by the tonnage

or number of fast trains. The direct proportion item applies more nearly

to the cost of repairs ; but heavy loads require heavy rails, sound ties

and good ballast.

Mr. R. C. Barnard (Pennsylvania Lines) :—It seems to me the Com-
mittee should designate whether they mean schedule or actual speed of

passenger trains. In their tables attached to the report they have given

both, and in the case of probably fifty per cent, of the passenger trains

the actual speed is their maximum limit. In order to avoid confusion,

they should say whether they refer to schedule or actual speed.

Mr. H. T. Porter (Bessemer & Lake Erie) :—I would like to ask

for a little information. The freight car mileage is fixed at 150,000 car

miles, and the passenger car mileage is fixed at 10,000 miles. On this
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basis one passenger car mile is equal to fifteen freight car miles. If a

road had five thousand passenger car miles, and 75,000 freight car miles,

should they be in Class A? The sum of the two makes 150,000 miles.

Mr. Churchill :—Our intention was not exactly that. It is, as stated,

to make the 150,000 car miles a freight requirement. As passenger trains

run at greater speed, we think that 10,000 car miles is the limit between

Classes A and B. We might conceive of a condition of this kind—140,000

freight car miles over a district and ii,coo passenger car miles. I would

recommend, in a district of that kind, under the action we have sug-

gested, that that district use the Class A standards on the basis of the

passenger car mileage.

Mr. Porter :—Suppose the road had 145,000 freight car mileage and

9,000 passenger car miles?

Mr. Churchill :—That is under in both cases. Of course, the man-

agement can do as it pleases.

Mr. Porter :—We are trying to get at the correct meaning of the

Committee's clauses. That is the only point.

Mr. Churchill :—I would put that road in Class B.

Mr. Slifer:—I have considered the Committee's report more par-

ticularly from an operating standpoint than an engineer's standpoint.

Something has been said by the chairman of the Committee with refer-

ence to the recommendations of the Committee on Roadway. The Road-

way Committee's report, as adopted last year, was that there should be

three widths of roadbed— 14, 16 and 20 feet—so that 20 feet is not

necessarily the standard of the Association. Now we are preparing to

recommend to the operating department conclusions with reference to

the class of track which should be built for their traffic, and it does

not appear to me that 150,000 car miles of freight would necessarily

call for the highest grade of track. You can run ten trains over a single

piece of railroad in twenty-four hours, and they do not necessarily

need to be high class merchandise trains with high speed; they might

be slow freight trains, for ore or coal. I appreciate the fact that all

classes of merchandise are high-class, if the man shipping it can "get next

to" the traffic department. I do not believe that the Association can

afford to say to the managers of the railroads of this country that if

they have a piece of track handling ten trains a day—five in each direc-

tion—that they ought to build Class A track. I think it would be a

mistake for the Association to say that they should. Our train mileage,

so far as freight is concerned, should be placed higher than 150,000 miles.

Mr. L. C. Fritch :—The last speaker loses sight of the fact that that

would be the average throughtout the year. As a matter of fact, the

heavy business over any railroad is usually limited to about four months.

In that case one would have more trains to contend with than an

average throughout the year; and he also loses sight of the passenger

trains in addition to the freight trains. We v/ould have, say, 500 loads

per day passing over a district, and that would mean at an average of

forty cars, about 12 to 13 freight trains, and in addition probably four
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passenger trains each way a day, and that would make about twenty

trains a day. That makes quite a busy piece of railroad. I think we

should use great care in raising the figures, for the reason that :t will

close some of the important lines out of this classification.

Mr. McDonald:—In answer to another part of Mr. Slifer's state-

ment I would suggest that perhaps he has not looked at the personnel

of this Committee. In place of our being in the attitude of saying to

our General Managers what classification we want, we are rather in

the attitude of having a message from the General Managers as to

what they think about it.

The President :—Does the convention desire to make any further

expression upon the first clause? If there is no objection, this para-

graph will be considered adopted. The Secretary will read the second

paragraph.

The Secretary :

—
"Class B shall include all districts of a railway

having a single main track with a traffic that equals or exceeds the

following: Freight car mileage passing over district per year per mile,

50,000; or, passenger car mileage per annum per mile of district, 5,oco;

with maximum speed of passenger trains of 40 miles per hour."

The President:—Is there any discussion on Class B? If there i?-

no objection, that will be considered adopted.

The Secretary:
—

''Class C shall include all districts of a railway

not meeting the requirements of Class A or B."

The President:—Is there any discussion on Class C? If not, it

will be considered adopted.

Mr. McDonald :—What will be the efifect of receiving these classifica-

tions and publishing them in the Proceedings? Does it authorize our

committees in preparing standards hereafter to refer to Classes A, B
and C?

The President :—The chair would like to hear some discussion from

the floor on that question.

Mr. McDonald :—I move that the report of the Committee be adopted

by the Association and published in the Manual.

Mr. L. C. Fritch :—I would amend that motion by referring it to

a vote by letter-ballot by the membership of the Association.

(The amendment was carried.)

Mr. W. B. Storey, Jr. (Atchison, Topeka & Santa Fe) :—I call at-

tention to the fact that Class B includes also Class A, where it states

"Class B shall include all districts of a railway having a single main

track with traffic that equals or exceeds the following." It should read

"under Class A."

Prof. W. D. Pence (Purdue University) :—Unfortunately, "Under

Class A" has two meanings. Do you not mean "beneath Class A?"
The words "under Class A" might also be understood to include Class

A. I would suggest that it be made to read, "below Class A."

The President:—If there is no objection, it will be made to read,

"less than the minimum prescribed for Class A."

(No objection being made, the amendment was adopted.)



REPORT OF COMMITTEE NO. I—ON ROADWAY.

To the Members of the American Raikcay Engineering and Mainte-

nance of Way Association:

In preparing the original draft of glossary to accompany the re-

port of your Committee on Roadway, we selected every word that might

be referred to in the text and submitted our definitions at the last

annual meeting. Your consideration of our specifications consumed so

much of the time of the convention that the glossary was referred

back to the Committee, and in accordance with President Kelley's circu-

lar letter of April 3d, we received a number of suggestions, all of

which have been carefully considered.

GLOSSARY.

GROUP A—GENERAL.

Classification.—Separating the material into groups according to its

character.

Contract.—A written agreement between two or more parties specifying

terms, conditions, etc., under which certain obligations must be

performed. (Specifications are a part of the contract.)

Estimate (noun).— (a) A statement of work performed or material

delivered, according to which payment is to be rendered.

(noun).— (b) A statement showing the probable cost of a

proposed piece of work.

(verb).—-The act of making an estimate.

Quantities.—The amount of material to be handled, expressed in the

usual units.

Specification.—That part of the contract describing the details of con-

struction.

Unit Prices.—The price per unit of the various quantities specified in

a contract for which a certain work is to be done.

GROUP E

—

right-of-way, ETC.

Right-of-Way.—The land or water rights necessary for the roadbed

and its accessories.

Roadbed.—The finished surface of the roadway upon which the track

and ballast rest.

Roadway.—That part of the right-of-way of a railroad prepared to

receive the track.

Station Grounds.—Property to be used for station purposes.
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GROUP C—TECHNICAL.

Alinement.—The horizontal location of a road with reference to curves

and tangents.

Center Line.—A line marking the center of an excavation, embank-
ment or of a track.

Contour.—The line of intersection betw^een a horizontal plane and a

given surface.

Cross-Section.—A section through a body perpendicular to its axis.

Center Stakes.—Stakes marking the center line.

Elevation or Height.—The distance of any given point above or below
an established plane.

Finishing Stakes.—Final stakes set for the completion of work.

Grade (verb).—To prepare the ground for the reception of the ballast

and track.

Grade-Line.—The line on the profile representing the tops of embank-
ments and bottoms of cuttings ready to receive the ballast.

Gradient.—The rate of inclination of the grade-line from the horizontal.

Plan.—A drawing furnished for guidance of work.

Profile.—The intersection of a longitudinal vertical plane with the

ground or established gradients ; or a drawing representing the

same.

Slope.—The inclined face of a cutting or embankment.

Slope Stakes.—Stakes set to mark the top or bottom of a slope.

SuBGRADE.—The tops of embankments and bottoms of cuttings, ready

to receive the ballast.

Top of Slope.—The intersection of a slope with the ground surface in

cuts, and the plane of roadbed on embankment.

Toe of Slope.—The intersection of a slope with the ground surface in

embankments, and the plane of roadbed in cuts.

GROUP D—CLEARING, ETC.

Brush.—Small trees, shrubs or branches of trees that have been cut off.

Clearing.—Removing natural and artificial obstructions to grading.

Grubbing.—Removing the roots.

GROUP E—DRAINAGE^ ETC.

Bog.—Wet or spongy ground.

Channel.—The depression or cut in which a stream is confined.

Culvert.—An arched, circular or flat covered drain of timber, iron,

brick, or masonry, carried under the roadbed for the passage of

water.

Drain.—An artificial waterway for conducting water from the roadway.

Drainage.—The interception and removal of water from, upon or under
the roadway.

Ditch.—An open artificial waterway for providing drainage.

Intercepting Ditch.—An open, artificial waterway for preventing sur-

face water from flowing over the slopes of a cut or against the

foot of an embankment.
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SuBDRAiN.—A covered drain, below the roadbed or ground surface,

receiving the water along its length by absorption or through the

joints.

Trench.—A narrow, shallow excavation, to receive a structure.

Waterway.—A channel, either natural or artificial, for conducting the

flow of water.

GROUP F—GRADING, ETC.

Average Haul.—The mean distance that material must be hauled.

Average Total Haul.—The average total distance that material must
be hauled.

Benched.—Formed into a series of benches.

Berme.—An approximately horizontal surface between the top or toe

of a slope and a boundary line, ditch or other excavation, for the

protection of the slope.

Borrow (verb).—To take material from a borrow pit.

(noun).—Material removed from a borrow pit.

Borrow Pit.—An excavation made for the purpose of obtaining material.

Embankment (or fill).—A bank of earth, rock or other material con-

structed above the natural ground surface.

Excavation (or cutting).— (a) The cutting down of the natural ground
surface.

(b) The material taken from cuttings, bor-

row pits or foundation pits.

(c) The space formed by removing material.

Foundation Pit.—The excavation in which the foundation of a struc-

ture is laid.

Haul or Free Haul.—The distance within a given limit that material-

is hauled in constructing the roadbed.

Overhaul.—The distance be3'ond a given limit that material is hauled

in constructing the roadbed.

Shrinkage.—The contraction of material.

Stepped.—Formed into a series of steps.

T.\MPED (or packed).—Packed down by light blows.

ToT.\L Haul.—The total distance that material must be hauled.

Waste.—Material in excess of that required to make an embankment
of given cross-section.

Waste or Spoil Banks.—Excavated material not used to form em-
bankments.

group g—tunnels, etc.

Curb.—A broad, flat ring of wood, iron or masonry, placed under the

bottom of a shaft to prevent unequal settlement, or built into the

walls at intervals for the same purpose.

Rock.—A solid mass of mineral substance.

Shaft.—A pit or well sunk from the ground surface above into a

tunnel for the purpose of furnishing ventilation or for facilitating

the work by increasing the number of points from which it may
be carried on.

Tunnel.—An excavated passageway under ground or water.

Well or Sump.—A cistern or well into which water may be conducted

by ditches to drain other portions of a piece of work.



INDEX OF NAMES.

REING A LIST OF REFERENCES TO WRITINGS OR DISCUSSIONS ON THE SUBJECT

OF "earthwork overhaul" CONTAINED IN THIS REPORT.

Note.—References in Index arc as follows :

(Com.)—Refers to statements by members of tbe Committee on Road-
way concerning suggested alternate clause.

(Int.)—Refers to historical introduction to "Review of Literature."

Numerals, where used alone, refer to articles or references in the "Re-

view of Literature."

A (6)—Refers to the sixth entry in tbe tabulated digest of replies from
Association members, designated "A."

AB (lo)—Refers to the tenth entry in the tabulated digest "A" and the

corresponding remarks (if any) by the same person in the summary
of discussion, designated "B."

Abbott, J. H., A (103).

Ackert, C. H., A (100).

Allen, C. F., 28, 29.

"Alpha," 9, 16.

Baldwin, A. S., 38.

Barnard, R. C. (Com.).

Beard, E. J., 35. t

Berg, Walter G., 11, 38, AB (62).

Berry, J. B., AB (34).

Besler, W. G., A (22).

Beye, J. C, A (110).

Bisbee, F. M., A (6).

Bissell, F. B., A (46).

Bissell, H., A (18).

Blinn, R. S., AB (56).

Bonnyman, A., AB (1).

Bowman, A. L., A (116).

Bremner, G. H. (Com.).

Bremner, G. H., A (29).

Brown, E. C, A (109).

Brown, R. G., 27.

Burns, J. F. (Com.), AB (64).

Byers, C. H., A (85).

Calvert, T. E., AB (28).

Camp, W. M., A (117).

Carothers, D. D., AB (9).

Chanute, O. (Int.), AB (118).

Churchill, C. S., 38.

Churchill, C. S., AB (81).

Coates, P. R. (Com.).

Courtenay, W. H., AB (63).

Cross, C. S. (Int.), 26.

Culmann, K. (Int.), 4, 5.

Gushing-, E. B., AB (102).

Gushing, W. C, 38, A (87).

"C. W. S.," 21.

Davis, Garrett, 38.

Dawley, W. S., AB (25).

Dennis, A. C, A (50).

Dougherty, C. (Com.).

Drake, W. A., AB (99).

Dun, Jas., AB (4).

Ericson, E. G., AB (89).

Fernstrom, H., AB (106).

Fine, J. H., A (119).

Fisher, S. B., 5, 13, 20, 26,

Fisher, S. B., AB (71).

Fitzhugh, E: H., AB (48).

Fitzgerald, T., AB (8).

Fleming, H. G., AB (108).

Frost, G. F., 26.

Gayffler, 2.

Gillespie, W. M., 3.

Gillette, H. P., 36.

36.
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Godwin, H. C, 19.

Goodale, L. F., A (30).

Gowen, B. C, A (114).

Gray, J. C, AB (21).

Hale, H. E., AB (10).

Hall, E. S., A (27).

Hanlon, W. B., AB (120).

Hanna, J. V., AB (96).

Hatch, F. T., A (111).

Henck, J. B. (Int.).

Hinckley, J. F., AB (95).

Hunter, W., A (92).

James, W. A., AB (20).

Jenkins, J. B., AB (14).

Johnson, R., AB (66).

Jonah, F. G., AB (77).

Kelley, H. G., A (70).

Kingman, L., AB (65).

Kittredge, G. W., 38.

Knickerbocker, C. E., A (79).

Landon, H. C, A (19).

Lewis, C, AB (121).

McCalman, R., A (26).

McDonald, Hunter, 38.

McDonald, Hunter, A. (74).

McGonagle, W. A., A (40).

McGuigan, F. H., AB (49).

McHenry, E. H., A (78).

McXab, W., 38.

MacPherson, D., AB (107).

Mallard, C. C, A (47).

Millett, G. C, AB (S3).

Molitor, F. A., 35.

Moore, C. H., A (45).

Moore, Robt., A (122).

Morris, E., 1.

Mountain, G. A., 38.

Nagle, J. C, 30.

Nelson, J. C, AB (2).

Newton, A. W., AB (31).

Nicholson, F. L., AB (SO).

Osgood, J. O., AB (23).

Paret, M. P., AB (58).

Pence, W. D. (Com.).
Philbrick, P. H., 34.

Phillips, H. C, A (98).

Pierce, H., A (24).

Porter, H. T., AB (17).

Prelini, C, 37.

Ranno, F. W., AB (123).

Reineker, F., 5.

Richards, Jos. T., AB (90).

Richards, O. D., A C'.).

Rickert, O., AB (12).

Rockwell, S., A (60).

Rodd, Thos., AB (86).

Rohwer, H. (Com.), AB (72).

Rudiger, J. M., Jr., 10.

Russell, T. S., 24, 36, AB (107)

Scribner, G. H., Jr., A (124>.

Searles, W. H. (Int.), 8.

Selby, O. E., AB (38).

Shaw, A. M. (Com.), A (82).

Shimk, W. F. (Int.).

Shurtleff, A. K. (Com.).
Shurtleff, A. K., AB (35).

Simar, V. D., A (41).

Simmons, H. J., A (43).

Slifer, H. J. (Com.), 38.

Specht, G. J., 12.

Stamford, C. W., 25.

Stevens, F. S., A (93).

Stimson, E., AB (16).

Stixreed, M., 17.

Storey, W. B., Jr., A (5).

Stuart, F. L., AB (44).

Sullivan, J. G. (Com.), 38.

Talcott, H. R., AB (11).

Taylor, W. D., 38.

Tcherton, F. (Int.), 32.

Thiange, E., 10.

Thomas, J. W., A (73).

Trautwine, J. C, (Int.), 6.

Trimble, R., AB (88).

Turk, J. E., AB (94).

Van Auken, A. M., 15.

Vose, G. L., 7.

Waite, H. M., AB (36).

Waite, H. M. (Com.).

T\^alker, G. M., Jr., 18, AB (.'.7)

Walker, I. O., A (75).

Waterman, H. S., AB (39).

Ware, John, AB (13).

Weatherly, E. P., A (32).

Webb, W. L,., 31, 33.

Wellington, A. M., 14, 19.

Wells, L. W., AB (105).

Weston, W. E., 22.

Wheaton, L. H. (Com.).
Wheaton, L. H., A (53).

"W. R. H.." 23.

Young, R. C, AB (61).

Zinck, K. J. C, A (51).
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INTRODUCTORY.

Your Committee has not been able to accomplish very much during

the past year, during which time several meetings were held, in addition

to which the various matters assigned to us have been handled by corre-

.'pondence.

At the meetings held in the office of the Association in Chicago,

.August 21 and December 12, 1905, it was evident that there were many

views as to the proper wording of an overhaul clause, both as to defining

the manner of payment and also method of computing overhaul. In

fact, your Committee at this time is not of sufficient imaniniity of opinion

to submit definite conclusions, and has taken the liberty of presenting

to the Association the various views held by the members.

At the meeting held in December it was concluded to submit to the

Association for adoption the following

:

"The contract prices per cubic yard cover any haul found necessary

within the limit of an average free haul of (•••) ft. All

haul on material beyond this average free limit of haul will be estimated

and paid for on the basis of the following method of computation, viz.

:

The length of the gross haul shall be fixed by determining the distance

between the center of gravity of the excavation and the center of gravity

of the embankment built therefrom. From this distance of gross haul

shall be deducted the average free haul, (••••) ft., and the

remainder will represent the net or paid haul distance; which, multiplied

by the total yardage of the excavation, will represent the yardage to be

paid for."

The Chairman submitted the foregoing to the members for an expres-

sion of views, and the replies are as follows, viz.

:

G. H. Bremner (Engineer Maintenance of Way, Chicago, Burlington

& Quincy—by letter) :

—
"Referring to the suggested clause for overhaul,

I do not believe we have made the meaning of it perfectly plain, nor

are the methods described by Mr. Berg perfectly plain. I have referred

this to a few of our engineers as to how they interpret the meaning of

it, and do not get the same explanation from each of them. I have

drawn up a clause, which is, of course, subject to improvement, which

I have attached. While this method of paying for overhaul is not

a general practice, I believe we should make it so if we can.

" 'The contract prices per cubic yard cover all material hauled where

the distance from the center of gravity of the excavation to the center

of gravity of the embankment built therefrom does not exc(;ed

(....) ft. All material, where the distance between the center of

gravity of the excavation and the center of gravity of the embankment
built therefrom exceeds (••} ft., shall be allowed overhaul
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for this distance between the centers of gravity in excess of

(....) ft. The total yardage to be paid for as overhaul is obtained by

multiplying the total yardage of the excavation by this distance between

the centers of gravity in excess of (•••) ft.'
"

J. F. Burns (Roadmaster, Louisville & Nashville-—by letter) :—
"As the clause proposed seems to agree with the most common practice,

r shall be inclined to favor it, though personally I should prefer a clause

according to Mr. Berg's third method, which seems to me to be more
consistent and also more in line with the method in which the overiiaul

is taught in the schools. I am enclosing a copy of the overhaul clause

as used by the Louisville & Nashville Railroad Company in its specifi-

cations :

"'ii. Haul.—All material from excavations, except when otherwise

directed by the Engineer, shall be deposited in the eml^ankments. The

cost of hauling and depositing or placing excavated materials in embank-

ments, when the average haul is not more than five hundred (500)

ft, shall be considered as paid for in the price paid fof excavation.

" '12.—Extra haul shall be estimated and paid for as follows : When-
ever material from any cut is necessarily hauled a greater average dis-

tance than five hundred (500) ft., there shall be paid, in addition to

the price of excavation, the price of extra haul per one hundred (100)

ft. for each one hundred (100) ft. of average haul in excess of an

average haul of five hundred (soo) ft. Fractional parts of one hundred

(100) ft. of extra haul shall be paid for at a proportional rate.

" '13.—Average haul shall be computed for each cut separately, and

.short haul from one cut shall not offset long haul from another cut.

The average haul from any cut shall be the distance between the

center of gravity of that portion of the cut hauled and center of

gravity of the fill which the material hauled from the cut makes.
" '14.—In tunnel work the haul shall be computed from the portal of

the tunnel or center of shaft to the center of gravity of the embankment or

spoil bank, and from a distance between these points there shall be

taken the free haul of five hundred (500) ft.'
"

F. R. Coates (Contracting Engineer) :—Verbally suppoits the resolu-

tion as suggested.

C. Dougherty (Superintendent, Illinois Central—by letter) :

—
"I do

not perceive any changes that could be made in the wording of the pro-

posed alternate clause that would improve it, although T think that, as

worded, it still leaves an opportunity for controversy as to the meaning

of the term 'average free haul' or 'average free limit of haul,' as applied

to any piece of excavation and embankment. I am satisfied, however,

to let the suggested clause go in as proposed."

W. D. Pence (Professor of Civil Engineering, Purdue University

—

by letter) :
—

"Before I went to the recent Committee meeting I favored
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method 'C,' but voted in favor of method 'B/ chiefly because I thought

the Committee should be a unit. However, since my review of the

opinions of the Association members, obtained in response to the circular

of inquiry, I am disposed to return to my former position in favor of

Mr. Berg's method, 'C The matter is sure to have a full discussion

on the floor at the annual convention, and I should rather see our

Committee submit well-worded alternate clauses covering methods 'C and
'B,' and also providing for Mr. Rohwer's suggestion for overhaul from

borrow pits alongside of tracks (perhaps by a separate paragraph), for

the open discussion and decision of the Association at its annual con-

vention. Our position might be strong in one sense should we make
a definite choice ; but there is always a tendency, I have noticed, to

support the recommendation of a standing committee 'on general prin-

ciples,' and this is a matter of such general dispute that I should like

to see it decided on its merits."

H. Rohwer (Consulting Engineer, Missouri Pacific—by letter) :

—

"I desire to say that the wording of the clause to be submitted by the

Committee on Roadwaj' fully expresses the practice in use on this road,

and it worked well. I approve of same as far as hauling material from

cuts into Alls. But when material is being obtained from borrow pits

along the embankment and runways have to he constructed, the haul

should be determined by the distance the team is bound to travel. And the

overhaul and material thus hauled or moved should be: One-half the

'round' minus 'free haul ;' the runways to be established at distances of

good working practice in conformity with the approval of the engineer

in charge."

A. M. Shaw (Chief Engineer, Northern Illinois Electric—by letter) :

—

"I have not the report of the last meeting of the Committee at hand,

so cannot reply fully, but will state that I am still decidedly in favor

of the ove*rhaul clause as submitted by our Committee last season, in

which it was specified that, in computing overhaul, all work done within

the limit of free haul should first be cut out, and then overhaul shall

equal the distance between center of gravity of remaining masses of

excavation and embankment, minus length of free haul. I will not take

up your time with a discussion of the subject, as it would practically

be a repetition of Mr. Berg's arguments of three years ago, with which
1 believe that you are familiar,"

A. K. Shurtlefif (Assistant Engineer, Chicago, Rock Island & Pacific—

by letter) :

—
"I have received the overhaul clause agreed to at the last

meeting of the Roadway Committee. I am positively opposed to any

such clause as this, as I have always thought Mr. Berg's third method
was the only just method for estimating overhaul. The contractor should

receive the benefit of all short hauls less than the maximum free haul.

My ideal overhaul clause is as follows:
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" 'When the length of the haul necessary to remove material from

excavations and borrow pits and deposit it as directed by the Engineer

exceeds (•••) ft., the contract price per cu. yd. for overhaul

will be paid in addition to the contract price for excavation, for each

one hundred (lOo) ft. in length of haul in excess of the

(....) ft.

'' 'The amount "of excavation and embankment required to make

the maximum free haul is to be tirst accurately determined, the con-

tractor receiving the benefit of all haul less than the specified limit. Then
the distance between the center of gravity of the remaining portion of

the excavation and the center of gravity of the embankment to be made

therefrom, less the length of free haul, shall determine the length of the

overhaul.'

"While this may not have the best wording, I believe it fully covers

Mr. Berg's third method, and I would be glad to see the Association

adopt such a clause, although I am personally in favor of entirely elimin-

ating the pay for overhaul."

J. G. Sullivan (Assistant Chief Engineer, Isthmian Canal Commis-

sion— by letter) :

—
"I will say in connection with this matter that before

leaving Winnipeg I spent a little time in working up a plan I have lately

used in computing overhaul, but since coming down here I have been

so busy nothing further has been done, and now that the matter is

brought up again I cannot find the papers that I had in Winnipeg, but

wish to say that I think you know that I am a firm believer in the

policy of paying for overhaul. I am not. however, very particular as

to the limit of free haul or the method of computing overhaul.

"In connection with the former, I have worked on roads where we
had a classification for material hauled less than 300 ft., another classi-

fication for material hauled between 300 and 1,000 ft., then overhaul

beyond a distance of 1,000 ft., so much per cu. yd. per loo-ft. haul. Later,

on the Canadian Pacific, we worked entirely with one flat distance of 500

ft. free haul. Personally, I preferred the former method. It was a

means of getting us a pretty low price for any material which was wasted

or borrowed from the side.

"Now, as to the limit of maximum haul, it has usually been the prac-

tice where I have worked to place a limit between 2,000 and 3,000 ft.,

usually the point where the cost of overhaul balances the cost of earth

borrowed, but I can say that in work where there are very large cuts,

this limit is not sufficient, and for the last two years I have been doing

work with a clause in the contract under which this heavy work was

done, that there was no limit to the haul and that, when the price of over-

haul equals the price of earth excavation, there would be a flat rate paid

for all material hauled beyond these limits, i. e., we were paying 23 cts.

for earth excavation with a 500- ft. free haul ; we paid 46 cts. a yard

for all material hauled over 2,800 ft. (i ct. per cu. yd. was our price

for overhaul). Under some of these contracts we hauled material two

miles and it worked very satisfactorily.
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"Now, as to the measurement of overhaul, it is rather immaterial

whether the quantities are measured in fill or in excavation in ordinary

work, but when it comes to rock work, there are so many factors which

enter into this that I do not think that it is just, reasonable or logical

to multiply the total yards of excavation by the distance of overhaul,

unless you qualify excavation in several ways. First, a few roads say

that no material taken out beyond slopes should be paid for; then we
know that rock will expand between 50 and 100 per cent., therefore, I do

not see why we should not pay the contractor for hauling a yard of

loose rock 100 ft, even though it is taken out of a rock cut, the same price

as if it was taken out of a loose rock cut. Therefore, in computing

overhaul from rock cuts, I have always taken into account expansion

and the material excavated outside of the slopes.

"Now as to the method of computing overhaul ; I had this worked
up, as I have said before, but cannot find the papers. I am rather too

busy just now to go over the matter again, but will explain so that I

think my idea will be plain.

"Take a piece of common profile paper, plate 'A,' starting at the

beginning of a cut at zero and plot the quantities, using the natural scale

of 400 ft. to the inch for distance, and the vertical scale of about 2,000

cu. yds. to the inch, plotting both fill and cut above the datum line

;

that means, of course, adding the yards in one station to the total that

you had up to that station, and plotting accordingly. When you get

through with the cut, the vertical from the base line equals the total

number of yards of the cut. If it is a rock cut, it would equal the

total number of yards taken out with a percentage for expansion added,

which would have been checked up on the amount of fill made. Then
find with a scale of 400 ft. to the inch where the distance between the

two lines between cut and fill equals 500 ft. or whatever may be the

free-haul limit, and this would be the amount of yardage of free haul.

Draw a line at this point. The next step, draw a line where the distance

between these curves is the free haul plus 50 ft, then draw a line where
the distance between these curves is 100 ft. greater than the latter, that

is, 150 ft, 250 ft., etc., plus the free haul. Now, the yardage indi-

cated between the free haul and the first line, multiplied by 25 ft, the

mean that the yardage was hauled, will give you the equivalent number
of yards hauled 100 ft.; the yardage between the 50 ft plus free haul

and the 150, multiplied by 100 ft., is the equivalent yardage of 100 ft.

;

the yardage between the 150 ft plus the free haul and the 250 plus

free haul, multiplied by 200, gives you the equivalent yardage, and so on.

"There are so many factors in computing overhaul that this method
1 consider to be far more correct than some of the factors that enter

into the computation. It is very simple and easily understood by any field

engineer. If there is any error of judgment in taking the exact num-
ber of yards between the lines they should about balance when you get

through. The total number of yards that you have, multiplied by the

different factors, will equal the yardage in the fill, or the yardage in
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the cut, if it be a rock cut, plus the shrinkage after the free haul has

been deducted. I think you will agree with me that there can be no

great error in this method.

"If a second cut or fill should intervene between the limits of haul,

you simply balance that cut or fill if it is less than the free haul and

draw a straight horizontal line on your plotting to the limits of the

balance as above mentioned. Then add your cut or fill as before."

H. M. Waite (Superintendent, Cincinnati, New Orleans & Texas

Pacific—by letter) :

—"We believe the proposed alternate clause is all

right."

L. H. Wheaton (Chief Engineer, Halifax & South Western—by let-

ter) :-
—

"I agree with the clause proposed, and with a free haul of 500

ft. It was formerly the practice in this part of the country to have 1,000

ft. as the limit, but during the last ten years it has been uniformly 500

ft. at I ct. per cu. yd. per 100 ft, with the method of computation as

per the proposed clause mentioned."

R. C. Young (Chief Engineer, Lake Superior & Ishpeming—by let-

ter) :

—
"I submit herewith an overhaul clause which doc: not conform

exactly to the one submitted in the circular but which I have changed

as little as possible and still have it conform to my ideas of what such a

clause should be.

" 'The contract prices per cubic yard cover any haul found necessary

within the limit of an extreme free haul of (••) ft- AH
haul on material beyond this extreme free limit of haul will be esti-

mated and paid for on the basis of the following method of computa-

tion, viz. : The length of the gross haul shall be fixed by determining

the distance between the center of gravity of the excavation and the

center of gravity of the embankment built therefrom, such excavation

and embankment not having been included in the said free haul liinit.

From this distance of gross haul shall be deducted the extreme free

haul, (••..) ft. and the remainder will represent the net or

paid haul distance, which multiplied by the total yardage of overhaul

excavation will represent the yardage to be paid for.'

"I object in the first place to an average free haul, as it does not really

limit the free haul and makes it possible on some profiles to extend such

free haul so as to work an injustice to the contractor. I also think it is

always policy to have such clauses read so that there can be no possible

misunderstanding of the meaning intended."

R. C. Barnard, Vice-Chairman— (by letter) :

—
"I have your letter

of the 24th inst., enclosing copy of the overhaul clause proposed by the

Committee. As you know, I am opposed to overhaul in our specifications

;

but, as I understand it, this is an alternate clause, and as such I am
willing to vote in favor of its adoption."
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H. J. Slifer, Chairman ;—Favors the clause as suggested.

Careful investigation of current literature indicated that no one

author has presented a complete discussion of the subject of overhaul,

and it was decided to gather together all information that could be

found and arrange it for the information of the members of the Asso-

ciation. Through the voluntary offer of Prof. Pence, we are able to

present the following historical summary of the treatment of overhaul

by engineers and by authors, both in America and Europe, from the

earlier days of railroad construction to the present time. It is believed

that this compilation may serve a useful purpose at the present time,

when an attempt is being made by this Association to unify and simplify

practice in the treatment of this vexatious question of overhaul ; and

it is quite sure to be of practical value for reference purposes for the

younger members of the profession and others who are called upon to

deal directly with the matter of overhaul. Certain portions of the re-

view appear now for the first time. Some repetition has been necessary

for the sake of completeness. Specific references to the sources of

information are supplied in all cases, so that the original may be con-

sulted if desired.



ROADWAY. 353

(I.) REVIEW OF PRACTICE IN THE TREATMENT
OF OVERHAUL IN EARTHWORK

CONSTRUCTION.

HISTORICAL.

It is quite certain that so important a matter as earthwork haul

and the related question of the economical disposition of materials of

construction received careful consideration from the able engineers who.

previous to the era of railroad building, were engaged in the construc-

tion of roads and canals and other works involving the transportation

of earth ; for very early in the period of active construction of railroads

methods were developed which are essentially those employed to-day,

both in Europe and America.

European Practice.—Gayffier (1844) discussed the economics of haul

in earthwork construction according to the practice of the French engi-

neers, and stated the principles of "average haul" as it has since been

recognized.

According to Culmann (1866), the Germany authority, the use of

the "mass diagram" or "profile of quantities" was introduced previous

to 1847 by Bruckner, engineer of the Bavarian state railways, and used

by him for the graphical study of the distribution of earthwork and

for the solution of haul problems. The graphical method then intro-

duced is essentially the same as that subsequently adapted to American

practice by Reineker (1871-1873).

Prelini (1905) states that "Lelanne's Curve" was used by French

engineers previous to the general use of "Bruckner's Curve" in Ger-

many. His description of European practice, given elsewhere in the

review of the literature of the subject, also includes the method usually

followed by Italian engineers.

The German practice has also been described for the benefit of

American engineers in the pages of technical journals and before engi-

neering societies by Thiange and Rudiger (1883), Berg (1883), Specht

(1885), and Fisher (1885, 1891), references to which are given in the

review of literature.

23
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The method employed by German engineers at the present time is

fnlly described l)y Tscherton (1899), the process being very similar

to that introduced by Bruckner (1847) and described by Culmann (1866).

American Practice.—Among the earliest references to the haul

element in earthwork construction is to be found in a paper presented

in 1841 to the Franklin Institute by Ellwood Morris on the "Cost of

Embankments." In this paper Morris derives a formula for calculating

the cost per cubic yard of earthwork, involving a term which he des-

ignates "average haul of the embankment, in stations of 100 ft. each."

The haul unit, "cubic yard-station," thus introduced by Morris, and

still in general use, was probably suggested in part by his observation

that "the numljer of feet of trip traveled by each cart per minute equals

ICO ft. or 200 ft. lineal actually moved over." The term "average havil"

is used several times by Morris in this paper, which was, perhaps, the

earliest attempt by an American engineer to analyze the cost of earth-

work.

Gillespie (1847) discussed the subject of earthwork haul quite

fully and quoted both from Morris's paper and from the French treatise

by Gayffier, issued three years previously. No reference to the subject,

however, is to be found in the treatises by the following authors

:

Scribner (1847), Henck (1854), Byrne (1855), and Cross (1857).

The following statement, by Mr. Octave Chanute, member of the

Association, concerning the early methods of treating overhaul in this

country, is of especial interest, because of his long familiarity with

American engineering practice

:

"My experience reaches back to 1850, at the beginning of railroad

building on an extensive scale. Some efforts were made then to let

grading work with clauses providing for the payment of overhaul.

These clauses led to subsequent disputes with the contractors, who, not

being scholars, claimed that they were being unjustly treated in the

engineer's computations. This brought, in many instances, a change in

methods, and the grading was let in short sections (i to 3 miles) with

no clause about overhaul ; the bidding contractors being required to

estimate for themselves how much the overhaul added to the uniform

price per cubic yard. This resulted in some diversity of prices ; ad-

joining sections containing the same class of materials, being let at

different figures, in consequence of overhaul. A further result was

that the contractors were allowed to 'waste and borrow,' i. e., wasting

part of the cuts and purchasing borrow pits from which to make part

of the embankments. This further developed a practice of 'paying both

ways,' i. e., a specified price per cubic yard for cuts, and a specified

price for embankments, and some very cheap grading was done under

this method, particularly in the prairie country of Indiana and Illinois.
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Slight attempts were made to lay the grades so as to equalize the cuts

and fills accurately, the principal effort heing to get the grading done

as cheap as possible. About 1865 the practice of dealing directly with

the small contractors began to change, and grading was let in long

stretches to powerful firms or individuals, who were well equipped with

tools, money and energy. These sublet llic work in sections to the

small contractors, did the difficult gnuhng themselves^ and greatly sim-

plified the task of the engineers to keep the work moving and to

settle disputes. I do not know how the overhaul question was handled

in grading the trans-continental lines."

Trautwine (1871) made no reference to the subject of haul in his

work on the calculation of earthwork, but in the article on the cost of

earthwork in his pocketbook, issued in the same year, a definition of

"average haul" is given which conforms to that found in the literature

issued previous to 1850. Vose (1872) also used the same term in dis-

cussing estimates of cost of earthwork, but Shunk (1879) makes no refer-

ence to the subject.

Beginning with Searies (1880), the subject of overhaul has received

increasing attention from authors of standard treatises, including Allen

(1889, 1894), Godwin (1890), Nagle (1897), Webb (1899, 1903), Phil-

brick (1901), Molitor and Beard (1902), and Gillette (1903). Frost's

reprint (1891) of Cross's field book was the first American work to

present the German graphical method of attacking problems in earth-

work haul, consisting of a reproduction of Fisher's adaptation of Bruck-

ner's method, after Reineker (1871-1873). The graphical method was

extensively used on the South Pennsylvania Railroad in 1882-1885.

Among those who have discussed the subject of overhaul in the

engineering journals and society proceedings are Thiange and Rudiger

(1883), Berg (18S3), Fisher (1885, 1891), Welhngton (1888), Walker

(1889), Russell (1891), Brown (1891), Allen (1895) and Webb (1897).

Perhaps the most complete discussion of the subject of overhaul, as

regards American practice, is to be found in the Association Proceedings

for 1903, reproduced in the review of literature. From a careful study of

that discussion and of the replies obtained from the circular of inquiry

recently sent to the members of the Association by the Roadway Com-

mittee, it appears that a considerable number of representative roads have

abandoned the practice of paying for overhaul, as such ; and that on

those roads which still adhere to the practice of estimating and paying

for overhaul, two methods of calculation are chiefly used, differing mainly

as to the basis for determining the free haul limit or distance. In one

of these methods the free haul limit is taken as an extreme or "out to

out" distance, and in the other method it is assumed to be an average

I
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distance which is to be deducted from the distance between the centers of

gravity of the excavation and the embankment built therefrom to obtain

the overliaul. The two methods also differ as to the yardage to which

the overhaul distance is applied. In the former, overhaul is allowed

on that portion of the excavation yardage beyond free haul limits ; and in

the latter method on the entire excavation yardage hauled. The net or

overhaul distance in both methods is, of course, equal to the gross or

total haul less the free haul distance. The length of the free haul limit

varies widely on different roads. Some prefer to calculate the overhaul

by numerical processes and others graphically. The full range of prac-

tice is indicated in the chronological review of the literature of the sub-

ject, given in the following pages, and in the digest of current practice

of the members of the Association which follows the review.
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REVIEW OF LITERATURE OF OVERHAUL.

1. Ellwood Morris, "The Cost of Embankments of Earth when made

with Carts," in paper before Franklin Institute, 1841 (Juur. Frank. Inst.,

Vol. 32, pp. 164-174) discusses the cost of earthwork and derives a formula

for calculating the cost per cubic 3ard, involving as one term the "aver-

age haul of the embankment, in stations of 100 feet each," and as another

the "number of feet of trip traveled by each cart per minute equal to

100 feet, or 200 feet lineal actually moved." Here appe?ri, perhaps for

the first time, the haul unit, "cubic yard-station," which is still in use

among American engineers.

2. GayfTier, "Manual of Bridges and Roads," ("Manuel des Fonts et

Chaussees," Paris, 1844), pp. 122-142, discusses the problem of haul with

respect to the mean distance of transport and develops a scheme for

the economical di.sposition of the materials in earthwork construction.

His methods formed the basis of Gillespie's discussion (Reference No. 3).

3. W. M. Gillespie, "Manual of Road-Making." (.New York, 1847).

pp. 123-124, 149-153, discusses the subject of earthwork haul as follows:

"The equality of the masses of excavation and embankment is not

the only consideration. The distances to which it is necessary to transport

the earth which is moved, must be taken into the account. Suppose that

a mass of earth whose surface is ABCD, Fig. la, is to be removed

to the embankment whose surface is EFGH, and which has a thickness

sufficient to make the two masses equal. The mean distance of transport

is required. Conceive the mass ABCD divided into a very great number

of smaller masses. The sum of the products of these portions, by the dis-

tance which each of them is actually moved, will equal the product of

the sum of the portions (i. e., of the whole mass) by the mean dis-

tance. The mean distance therefore equals the above sum of products

divided by the whole mass (Gayffier, p. 122). In such cases as usually

occur on a road, in W"hich the cubes of excavation and embankment are

comprised between two parallel planes, whose horizontal traces are ABEF
and DCHG, Fig. i, and in which sections made by other planes, parallel

to the first, cut off equal partial volumes, we know, from the principles

ot mechanics, that the mean distance desired is equal to the distance of

the centers of gravity of the two volumes. In the simple example

above, the mean distance of transport would be the distance between the

centers of the two rectangles. The methods of apportioning the excava-

tions among different embankments, which ought to be adopted in more
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(a)

(b)

Fig. I.

complicated cases of various distances of transport, in order to attain the

minimum of labor and expense, will be considered in the next chapter,

which treats of actual construction."

The further discussion is as follows

:

"The problem which is to be solved, both in theory and practice, is,

'To remove every portion of earth from the excavation to the embank-

ment by the shortest distance, in the shortest time, at the least expense.'

It must also be deposited so as to form a consolidated mass, and so that

not a particle of it will need to be again removed. The problem is very

important in practice, for upon its mode of solution depends a large

portion of the cost of the work; and in theory, it requires the aid of the

higher calculus, since, to satisfy its conditions, the sum of the products,

arising from multiplying all the elementary volumes of earth into the

ilistances which they are carried, mu.st be a minimum. We have >"cen

that in the simplest case, that in which the whole of one excavation is to

be carried into one embankment, we may use the product of the entire

mass multiplied by the distance of the centers of gravity of its two posi-

tions. But when certain portions of a cutting are to be deposited in

spoil banks ; others to form part of an embankment, of which the remainder

is to be obtained from side cuttings, etc., it does not appear a priori what
.'irrangement would give a minimum expense. In a few cases the proper

course is evident; as, if a hill is to be cut down, and its materials serve

only to fill up a valley, and are in excess, the excavation from its summit
is clearly the portion to be deposited in spoil bank; if the materials are

insufficient to form the embankment, it is the part most distant from the

hill which should be formed from a side catting; if the excavation is

to be carried hi two different directions and is in excess, it is the part

of the middle which should be rejected and deposited in spoil bank.
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"One general principle of transport may be readily deduced. Let

ABCD, Fig. lb, represent tbe plan of an excavation from which the

embankment EFGH is to be formed. If the volume CDik, instead of

being taken to BHlm, should be transported to EFon. it follows that the

embankment GHlm must be obtained from the portion of the excavation

beyond the line ik, and that the paths of the two volumes will cross

each other, which is therefore a disadvantageous disposition, since it

increases the distances passed over. Any such crossing of the paths of the

volumes transferred, either horizontally or vertically, may be generally

avoided by conceiving the solid of excavation and embankment to be

intersected by parallel planes, such as DCHG, ik, Im, etc., and by trans-

ferring the partial solids in the manner indicated by the boundaries marked

by these planes."

The remainder of Gillespie's discussion is directed to a theoretical

application of the principle just stated to the case of a borrow pit from

which the earth is to be hauled to two embankments, the method being

that adopted by Gayffier, the French authority (Ref. ISTo. 2).

4. K. Culmann, "Graphical Statics," ("Die graphische Statik," Zurich,

1866), pp. 142-150, presents the graphical method developed previous to

1847 by Bruckner, engineer of the Bavarian state railways. The German

technical term, "Massennivellement," which is used as a chapter heading

in Culmann's treatise, meaning literally the "leveling of the masses,"

relates to the distribution or disposition of the earthwork from excava-

tion to embankment, wasting and borrowing, etc. The graphical representa-

tion or diagram of the earthwork quantities introduced by Bruckner and

elaborated by Culmann has received two designations by American trans-

lators, viz., the "profile of quantities" used by Reineker, Fisher and others ;

and the "mass diagram," used by Allen and Webb. The lengthy transla-

tion closely following the original text of Clilmann is here omitted, and

reference is made to Reineker's abstract translation (Ref. No. 5).

5. F. Reineker, Principal Assistant Engineer, Petmsylvania Co.,

(1871-3), first introduced Bruckner's "Profile of Quantities" into American

practice. The following translation, prepared by Reineker, follows the

text of Culmann only in a general way and may be regarded as an ab-

stract of the original, or an adaptation of Bruckner's method to American

conditions. A copy of this abstract was obtained through the courtesy

of Mr. S. B. Fisher, Chief Engineer, Alissouri, Kansas & Texas Ry., who

obtained a copy of the translation from Mr. Reineker in 1873, and who

was among the first engineers in this country to employ the method in

routine work.

"The 'Profile of Quantities' is a diagram, showing the quantities
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requiring hauling in the grading of a railroad or other line of earthwork.

It shows at one view not only the actual quantities between stations or

aggregates of cuts, but also the distances to which the same have to be

hauled for disposal in embankments or spoil banks. It further affords

means of determining the relative value of different sections, and can be

used to great advantage in ascertaining the actual cost of the work.

"This system is the invention of Bruckner, a Bavarian civil engineer,

but has been more fully developed and described by K. Culmann in his

'Graphic Statics,' a work of the greatest value. No engineer who has

once attained experience in drawing up the 'Profile of Quantities' will

attempt to do without it, on account of its great value in saving time, in

;;iding the proper distribution of material at the least expense, in sensibly

dividing a division into sections, and for giving an exact knowledge of

where and how to commence work in order to aid its completion in the

shortest time.

"The 'Profile of Quantities' differs from an ordinary profile, in that

mstead of showing the elevations at every station, it states the algebraic

sum of all quantities up to each station. The quantities are summed up

for it by prefixing the algebraic sign '—
' for embankments, and the sign

'+' for cuts. The difference between any two ordinates will always show

the surplus of cut or embankment between the corresponding stations. A
line connecting all the points of profile, is ascending in cut, and is descend-

ing in fill ; the ascending line being indicated in blue and the descending

in red. The 'Profile of Quantities' will present a series of 'hills' and

'valleys,' if such terms are allowable. These do not represent elevations

or depressions of the ground, but appear such to the eye accustomed to

the ordinary profile. The so-called 'grade points,' where cuts end and

embankments begin, are minima or 'valleys.' The line of the profile is

steepest where the quantities between stations are greatest ; and where

quantities between, consecutive stations are the same, the profile will be

straight. Between all stations whose elevation is common, so to speak—

•

i. e., are on the same level, on the 'Profile of Quantities'—there will be

no surplus of cut or embankment.

"The area of the 'hills' and 'valleys' are proportionate to the total

cost of the work, representing as they do quantities hauled, 2 cubic yards

multiplied by S length hauled—compound of matter and force—work in

its true sense, combined material and labor. Each 'hill' and 'valley' rep-

resents a subsection, every 'hill' being a subsection hauling forward, and

every 'valley' one hauling backward, according to the direction in which

the station numbers run. A section must begin and end with the begin-

ning and ending of subsections and no subsection can be partly in two
sections. If in the stations quantities both of cut and embankment are to

be accounted for, then only the difference of the two, with the sign of

the larger, can be shown on the profile ; the remainder is to be accounted

for separately, either as casting, or as haul below the limit, as it gener-

ally will not exceed lOO ft.

"Borrow pits and spoil banks are marked on the profile by dotted
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lines. Their best location will generally have to be determined by the

cost of land and other circumstances; but in case this should he the same

for two different places, then that requiring the short haul, can easily be

found with the aid of the 'Profile of Quantities.' Should a borrow pit

be required, then the location of its center, or that point over which all

the material has to be hauled, is first marked on the profile. The sta-

tion just opposite the borrow pit can be supplied with the shortest, and

generally with the same haul ; and the line representing borrow pit in rela-

tion to this haul will be parallel to the line of profile, and at the same hori-

zontal distance from this line that the borrow pit is situated from the

center of gravity of cross-section. Its location will be determined by the

direction of haul. The haul for all the other points along the road will

increase in arithmetical progression, and the line representing the borrow

pit, will therefore be a straight line, and in most cases a vertical line.

Spoil banks are represented on a similar principle. Borrow pits and

spoil banks will also represent subsections, and are to be classified as

'hills' and 'valleys' in the manner above described.

"With the 'Profile of Quantities,' the limit of haul can easily be

found. If the difference in height between the lines of 800 feet and 1,000

feet, for instance, is very small, it will be preferable to make 800 feet the

limit, and pay an extra price for such difference. But if this difference is

comparatively large, it will be more profitable to use 1,000 feet as the

limit. The 'hills' are separated from the 'valleys' by a horizontal line,

the great importance of which will be evident when it is considered

that it determines the haul for each subsection, and it should be drawn so

as to make the cost of haul a minimum. The rule for this is : The aggre-

gate length of 'hills,' and the aggregate length of 'valleys,' must be equal

to each other. A few words will show the correctness of this rule. To
make the total cost of haul a minimum, the aggregate area of 'hills' and

'valleys' must be a minimum. If the dividing line is moved upwards over

an infinitely small space A, then the area of all 'hills' will be diminished

by A times the aggregate length of 'hills,' and the area of 'valleys' will

be correspondingly enlarged by l\ times the aggregate length of all

'valleys.' The actual decrease is therefore A times the difference of

aggregate length of 'hills' minus 'valleys.' Should then the location of

the dividing line already be such as not to admit of any decrease in the

area of 'hills' and 'valleys,' then, of course, the difference between 'hills'

and 'valleys' must be equal to zero, or the aggregate length of 'hills'

must be equal to the aggregate length of 'valleys,' as stated above. When
a break occurs in the dividing line, on account of the 'hill' becoming too

long, or for other reason, such break must be made by a borrow pit

or spoil bank, as the case may be.

"To exhibit the operations necessary in making*the 'Profile of Quan-

tities,' the following specimen has been prepared. The following table

shows in the first columns the quantities as calculated from cross-sec-

tions. The next two cojunin.s contain the difference of quantities in sta-
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tions where both cut and embankment occur, divided up in quantities

which need only casting, and such as require hauling only within limit

of length of station.

"The last columns contain ordinates, which may be plotted on a

sheet of profile paper, in the same way as elevations of ground surface

on an ordinary profile. It will at once be observed that in the beginning

a surplus of cut will be required to be wasted, and at the end a surplus

of embankments will have to be taken from a borrow pit. First, the

balancing line was drawn, to show which station the cut must be exca-

vated to from the first embankment. This line is of course in the zero

line, and subsection number is thereby ascertained to be station zero to

6 -(- 30. Supposing that all the material wasted from the first cut had to

be hauled to the beginning of the cut, and could be deposited there in a

spoil bank of the same cross-section, and supposing that this spoil bank

would consume in a 100- ft. length 3,500 cu. yds., the dotted zig-zag vertical

line was drawn. After ascertaining from map and cross-sections that op-

posite Sta. 43 a borrow pit could be opened to advantage, and that the

same would be 200 ft. long, and situated 50 ft. distant from and parallel

to center line, a horizontal line was drawn through station 43, and a dis-

tance of 50 ft. marked ofif on the same in opposite directions. The bor-

row pit for 100 ft. from station 43 extends both ways ; the dotted zig-

zag line representing the same for this distance is of course parallel to

the respective parts of the line of profile. As all the material from the

borrow pit is to be hauled directly to the road and thence over the new
embankment to various places of disposal, the distance for all these points

will increase in the same ratio as the distance to the new road, and the

borrow pit for such be represented by vertical lines. In applying such

spoil banks and borrow pits, care should be taken to represent them in

the correct direction of haul. The next step is the establishing of the

balancing line for the main part of the profile, which will be done by

measuring the difference of average length of hauls and values on

assumed lines, until such location for the balancing line is found, on which

the aggregates are equal to each other. In this operation both borrow
pits and spoil banks are accounted as follows : The last subsection No. 9
will have its balancing line through station 50, the area of which subsec-

tion has now to be determined, and will represent a certain number of

yards hauled 100 ft., or any other unit that may be assumed, represent-

ing thereby the amount of work to be performed to deposit the exca-

vated material. The actual number of cubic yards excavated in each

subsection is represented by its largest ordinate above or below the

balancing line. The separation into different classes of haul can easily

be accomplished, and the area for each can be determined without diffi-

culty. This was omitted in the accompanying profile in order to avoid

confusion incidental to a great number of lines.

"Assuming the cost of excavating and loading only of the material to

be 20 cts., and the haul for each 100 ft. to be i ct. per cu. yd., the value of

each subsection has been determined as stated below.
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"To the costs found in Table 2 must be added the cost of the quanti-

ties disposed of by casting or haul inside the same station where exca-

vated, in order to show the total cost."

TABLE I.
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6. J. C. Traiitwine, '"Civil Engineer's Pocket Book,"' (ist Ed., Phila.,

1871), p. 436, in tlie article on the "Cost of Earthwork,'' states in a

footnote that "when an entire cut is made into an embankment, the vican

haul is the distance between the centers of gravity of the cut and

embankment." 1"his footnote appears unchanged in the later editions of

this work.

7. G. L. Vose, "INfanual for Railroad Engineers," (Boston, 1872)

p. 78, describes the method of calculating the average haul, as follows

:

'To find the cost of the movement of the earth upon any section of a road,

we must know the cliaracter of the earth, total amount to be moved, and

the average haul, the latter being the distance through which, if the

whole amount of excavation upon a given length was transported, the

product of that distance by the total amount of earth would be the same

as the sum of the products of the partial amounts by their respective dis-

tances. To find this average haul, we first ascertain the distance, by

inspection of the profile, between the centers of gravity of each mass

before and after the removal; and next, we divide the sum of the products

of the partial amounts by their respective hauls, by the total amount.

Thus let Column i, in the table below, represent the partial amounts in

cubic yards; Column 2, the respective hauls in feet, and Column 3, the

product of each amount by its haul.

1,000 X 200 equals 200,000

2,000 X 300 equals 600,000

5,000 X 400 equals 2,000,000

8,000 X 600 equals 4,800,000

16,000

'

7,600,000

Then 7,600,000 divided by 16,000 or 475 feet, is the average haul; or

generally, if m, m', m", m'", represent the partial amounts, and d,

d', d", d'", the corresponding distances, S being the total amount, and D
the average haul, we have

:

md + ni'd' + m"d" -j- m"'d"'

= D

8. W. H. Searles, "Field Engineering," (Wiley, N. Y., 1880), pp.

243-245, gives the earliest discussion which appears in a treatise covering

the method involving an extreme or "out to out" free haul limit, as fol-

lows:
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"The cost of removing excavated material, when the distance docs not

exceed a certain specified limit, is included in the price per cubic yard

of the material as measured in the cutting. But when the material must

be carried beyond this limit, the extra distance is paid for at a stipulated

price per cubic yard, per lOO feet. The extra distance is known by the

name of 'haul,' and is to be computed by the engineer with respect to

so much of the material as is affected by it.

"The contractor is entitled to the benefit of all short hauls (less than

the specified limit), and material so moved should not be averaged against

that which is carried beyond the limit. Therefore, in all cuts, the

material of which is all deposited within the limiting distance, no calcu-

lation of haul is to be made.

"On the other hand, the company is entitled, m cases of long haul,

to free transportation for that portion of the cutting, no one yard of

which is carried beyond the specified limit. Therefore, this portion is

first to be determined in respect to its extent; and the number of cubic

yards contained in it is to be deducted from the total content of the

cutting, before estimating the haul upon the remainder. Find on the

profile of the line two points, one in excavation, and the other in embank-

ment, such, that while the distance between them equals the specified

limit, the included quantities of excavation and embankment shall just

balance. These points are easily found by trial, with the aid of the cross-

sections and calculated quantities, and become the starting points from

which the haul of the remainder of the material is to be estimated.

Fig. 3. 'i t

"The figure represents a cut and fill in profile. The distance AB
is the limit of free haul. The materials taken from AO just make the

fill OB and without charge for haul ; but the haul of every cubic yard

taken from AC, and carried to the fill BD, is subject to charge for the

distance it is carried, less AB.

"It would be impossible to find the distance that each separate yard

is carried, but we know from mechanics that the average distance for

Ihe entire number of yards is the distance between the centers of gravity

of the cut AC, and of the fill BD which is made from it. If, therefore,

X and y represent the centers of gravity, the actual average haul is the

sum of the distances (AX-j-BY), and this (expressed in stations) mul-

tiplied by the number of cubic yards in the cut AC, gives the product to

which the price for haul applies.

"But the product of AX by the number of cubic yards in AC is equal
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to the sum of the products obtained by muhiplying the contents of each

prismoid in AC by the distance of its own center of gravity from A. The
distance of the center of gravity of a prismoid from its mid-section is ex-

pressed by the formula

1=(A-A')

12 X 27S

ICA+A')
"If we replace S by its approximate value, , which will

2X 27

produce no important error in this case, we have

1 A — A'

6 A + A'

in which A should always represent the more remote end area from

the starting point A, in figure. Hence, x may be + or— , and it must be

applied, with its proper sign, to the distance of the mid-section from the

starting point A, before multiplying by the contents S. Each partial

product is thus obtained.

"By a similar process with respect to the prismcids composing the

mass BD, and using the point B as the starting point, we obtain finally a

sum of the products representing this portion of the haul.

"If a cut is divided, and parts are carried in opposite directions, the

calculation of each part terminates at the dividing line. If a portion of

the material in AC is wasted, it must be deducted, and the haul calculated

only on the remainder.

"The specified limit is sometimes made as low as 100 feet, some-

times as high as i,coo feet. A limit of about 300 feet, however, is usually

most convenient, as it includes the wheelbarrow work, and a large part

of the carting, while it protects the contractor on such long hauls as

may occtu."'

9. "Alpha," "A Method of Calculating Overhaul" (Engineering

News, Vol. 9, p. 202 (June 12, 1882), in a contribution discusses a

method of. determining haul, an abstract of which is given by him in the

discussion of the subject in Engineering News, Vol. 20 (Ref. No. 16).

The discussion by "Alpha," in Vol. g. Engineering News, was in re-

sponse to an inquiry by "G. A. M." (p. 169). A similar method was

described by "F. W. H." (p. 217).

ID. E. Thiange and J. M. Rudiger, Jr., "Diagrams for Simple and

Compound Railroad Earthwork Formations," in paper read October 6,
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1883, before Engineers' Club of Philadelphia (Proc. Eng. Club of Phila.,

Vol. 4, pp. 67-92), describes the German method of "Masscnnivellement,"

which, literally translated, means "leveling of masses," the process being

that described by Culmann.

An article by Mr. Thiange, entitled "Graphical Determination

of the Distance of Haul" (Engineering News, Vol. 10, pp. 176, 177

(April 14, 1883), covering the graphical method practically as given

in the joint paper by the two authors above referred to, appears to

be the earliest published reference in America calling attention to the

merits of the German method. As stated elsewhere, however, the

method had been introduced by Mr. Reineker at least ten years previous to

that time. (See Ref. No. 5.)

11. Walter G. Berg (Lehigh Valley Railroad), "Distribution of Ma-

terial and Determination of Haul and Lift in Railroad Construction"

(Railroad Gazette. Vol. 16, pp. 10-21, January 11, 1884), in contribution

under date of November, 1883, describes a graphical method of determin-

ing haul and the distribution of materials in earthwork construction, the

process being essentially the same as the Bruckner method. He also dis-

cusses the matter of lift of materials in hilly country. The substance of

Mr. Berg's contribution is contained in his valuable discussion of the ques-

tion of an overhaul clause in the 1903 Proceedings, quoted in full in this

review and used in part as a basis for the recent canvass of the views of

the Association members as to their practice in the treatment of overhaul.

12. G. J. Specht, "Notes on Earthwork," in a paper read in 1885 be-

fore the Technical Society of the Pacific Coast (Trans. Tech. Soc. Pac.

Coast, May, 1885), (reprint in Engineering News, Vol. 14, pp. 114- 118,

August 22, 1885), describes German methods of handling contract work

and haul problems, in part, as follows

:

"In connection with the question of earthwork, a method may be

mentioned which is in general use in Europe, though it is not known here

apparently. In making estimates for railroads and inviting bids for con-

tracts, the European custom is, that the railroad company makes a very

detailed estimate; and the result of this—in detail, as well as in general

—

is made the basis for the contractor's bid. In the call for bids the cost

estimated by the company is given, and contractors are invited to bid

so many per cent, below or above it. This method requires a very care-

fully made estimate, based on detailed studies of the ground, assisted by

trial pits ; very often, especially in tunnel work and foundations, extensive

trials are made. The results of all these studies are at the disposal of

the contractors; they comprise a longitudinal profile, a complete set of

24
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cross-sections, a distribution profile, detail plans of all the bridges, culverts,

road crossings, retaining walls, etc., a map of the railroad, list of prices

for labor and material, as ascertained by the company; in fsct, all papers

and documents for an intelligent bid."

Among the documents is one called "Distribution of Masses' or "Dis-

tribution Profile." This is a graphical representation of liow to dispose of

the materia] gained in cuts and how to make embankments. A detailed

description of the distribution diagram is given and illustrated by a typical

example, similar to that presented by Berg, Reineker, Fisher and others.

13. S. B. Fisher, "Earthwork—the Profile of Quantities," in paper

read September 15, 1885, before the Engineers' Society of Western

Pennsylvania (Proc. Eng. Soc. Wes. Pa., 1885) (reprint in American

Engineer, Vol. 10, pp. 137, 138, October i, 1885), refers to a translation

from Culmann's "Graphical Statics" on the "Profile of Quantities," which

he had secured from a German engineer some years previously and had

applied to his own practice in the treatment of haul problems. A concrete

illustration of the processes involved is given similar to, but not so com-

plete as, that presented in his paper on the subject, which appeared in

Engineering News in 1891, reprinted elsewhere in this review (Ref. No.

20).

14. A. M. Wellington (Engineering News, Vol. 20, p. 228, September

22, 1888), in editorial, discusses the computation of overhaul as follows:

" 'A Method of Calculating Overhaul' was published by you from Pitts-

burg, Pa., June 12, 1882, by 'Alpha,' in order to use which it is neces-

sary to find the 'center of mass' of cut and also of fill made from cut.

Can you give me some quick method of finding the 'center of mass?'

"As quick a way as any is to plot the volumes of each solid as ordi-

nates, as one would plot a profile, on stiff cardboard, cut out the area

thus drav/n and balance it on a knife edge ; but a way that we can recom-

mend as much the best and fairest of any, in competent hands, is to

guess at it, throwing the benefit of a doubt for or against the contractor,

according to the character of the haul and to some extent of the material

excavated. The actual haul cannot fairly be taken at times as the crow-

flies, nor is it exactly fair that haul over good solid gravel should have

only the same allowance as haul from a shallow cut through muck. xA.s a

contract is a contract and must be general, no considerable deviations on

account of such contingencies as these are admissible, but no considerable

ones are necessary, the limits of error in guessing at the 'center of mass'

being very small and having reference to a small item of price, whereas

the limits of error in one unavoidable kind of guessing, which is usually

going on at the same time, that of classification, are very large and have
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reference to a very large item. This consideration alone ought to show

the folly of any great hair-splitting in mathematical computations of the

precise overhaul ; but there is a certain class of minds who are never happy

unless they can find some hair to split, and who will split it with just as

much care, although there may be a log of wood alongside, which they

cannot split, to which the right half of the hair is to be added. This tend-

ency comes out not only in computations of overhaul, but of earthwork

areas, frogs and switches, retaining walls, bridge strains and many other

like details. It is a better tendency than the opposite one, and that is the

best that can be said of it. It usually originates in a terrible lack of clear

mental perspective.

"The better way, in our judgment, is to make no computations of,

nor allowance for, overhaul whatever, and this is increasingly common
in the best practice ; to say to the contractor, in effect : 'Here is the work

;

what will you do it for?' and let him make his own allowances for over-

haul, as he must for all other' contingencies. It saves an immense amount

of trouble and possible dispute and amounts in the end to much the

same thing. Of course, in respect to masonry this is rarely possible, be-

cause the hauls are very long and can rarely be exactly foreseen, but a

good contractor can understand a profile almost as well as an engineer,

and can guess at the 'center of mass' with even greater practical exacti-

tude than the engineer can compute it, because he takes into allowance

the kind of haul as well as the length of it.

"Another thing that saves much trouble and work is to pay for

both cut and fill, without allowance for shrinkage, but just as each meas-

ures in the work, leaving it to the contractor's choice, within reasonable

limits, to either borrow and waste or haul the material. This saves all

measuring of borrow pits and simplifies matters otherwise, and is quite

common in the West, although still the exception in the East. There

is sometimes a good deal of unnecessary tyranny in compelling con-

tractors to haul material when they would rather waste and borrow, and

in many cases it really makes no difference."

The foregoing editorial discussion was continued in the same volume,

p. 329 (October 27, 1888), as follows: "We have received quite a number
of communications, giving various ways of determining overhaul, one and

all of which we have been obliged to decline, for the reason that we really

cannot perceive that any of them show any method better or simpler than

that which we outlined two weeks ago, viz., to plot the volume of each

section as an ordinate on a base line on which horizontal distances are

laid oflf as abscissas, or in the same manner as center-heights are plotted

to make a profile; cut out the area thus constructed and determine its

center of gravity mechanically, the part at each end included by the free

haul stipulations being neglected, and the dividing line between haul to

or from each direction being first determined in the usual simple manner
by successive additions of the volumes of the computed solids until the

required total to equal a given cut or fill (keeping in mind the proper
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allowance for shrinkage) has been obtained. As we previously stated, any

attempt at mathematical exactitude is usually out of place in determining

this allowance, and in our judgment it is nearly always much better to

make no allowance for it at all, but to require comparative hauls to be

estimated by the contractor in advance and allowed for in his bid. It

would be even simpler, and leave less chance for error and dispute, to fix

separate prices for separate cuts of any size in many cases.

"In most of the foreign text-books of engineers, and in some of the

American, elaborate methods for computing the average haul and overhaul

are given, and if absolute exactitude be required a good deal of mathe-

matics can be used in determining it. Even when less precision is at-

tempted, a variety of graphical and other methods can be devised, three of

which, each differing slightly from the other, have been sent in, but the

problem is so simple that it hardly seems to us necessary to give more
than the above hint as to the proper method. A little ordinary ingenuity

will enable anyone to determine by its aid the proper overhaul allowance

within a few feet, and more than this does not seem to us worth while."

15. A. M. Van Auken (Engineering News, Vol. 20, p. 327, Oct. 27,

1888), in a communication dated Sept. 25, 1888, discusses methods of

computing haul, as follows . "A common method in Colorado, where the

free haul has usually been 100 ft., and where material was estimated as

hauled until price of excavation and haul equaled waste and borrow, has

been to get the distance where haul ended and find the distance you

went into the cut and distance into the till, which can be ascertained with

one or two trials, then find what distance from half of this cut was the

line of half the excavation and what distance of half the fill, the differ-

ence between these two points being the average haul ; 100 ft. of free

haul being subtracted from this gives the overhaul, and this by the

number of yards in the cut gives the yards of overhaul."

16. "Alpha," "Determining Center of Mass of Earthwoik" (Engineer-

ing News, Vol. 20, p. 286, Oct. 13, 1888), in a communication under date

of Sept. 29, 1888, gives the following abstract of a method which he had

described in Engineering News in June, 1882

:

"The cubic yards between consecutive cross-sections, having been cal-

culated and noted as usual, the center of mass of any cut or fill is easily

found by the addition of the various amounts until a sum is reached equal

to half the total cut or fill, at which point we may assume the center

of mass. In a similar way the center of mass of any portion of an

embankment or excavation may be found. This may be done roughly or

exactly, as occasion requires, and has been found a rapid and simple

method. In heavy work, or wherever it is necessary to allow for the

extent of 'free haul,' the equal amounts in cut or fill to the 'limit of
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free haul' can be determined tentatively, and the summation for the

center of mass begun from said limits."

17. M. Stixreed, "Determining Center of Mass of Earthwork" (Engi-

neering News, Vol. 20, p. 346, Nov. 3, 1888), in communication under

date of Oct. 22, 1888, briefly describes a graphical method of deter-

mining overhaul which is practically identical with the Bruckner curve.

18. G. M. Walker, Jr., "Overhaul" ("The Technic," University of

Michigan, 1889, pp. 61-69), in a paper, discusses the theoretical and

practical treatment of overhaul in railroad construction as follows

:

"The theoretical determination of average haul is not difficult to

understand, but it is not easy to find a practical method of calculating

it. Overhaul may be defined as the distance through which the material

is moved beyond a certain fixed limit ; the fixed limit varying on differ-

ent roads and under different engineers.

"At least three reasons may be given why material from cuts phould

be placed in embankments, or at least below grade : First, to save

expense ; second, to prevent waste banks above grade ; third, to make
a better embankment than could be made from borrow pits alone. The
first is often the only one considered, but on first-class work the other

two are more important. The average haul for each yard is the dis-

tance between the center of gravity of the portion of the cut in question

and the center of gravity of the embankment made from it. The main

features of the following demonstration are taken from 'Formulae for

Railroad Earthwork and Average Haul,' by J. W. Davis. If V repre-

sents a cubic yard of material, d the distance (in units of 100 ft.)

moved, then \6. equals the equivalent number of yards moved 100 ft.

If d di, etc., ...... dn represent the distance, each succeeding yard is

moved (as above), the entire volume moved reduced to an equivalent

volume moved 100 ft. equals V (d -j- di + d-.: + etc.,. . . .dn )i or V 2 d.

Or if we consider the volume divided into an infinite number of equal

volumes and represented each by dV and the distance each volume is

hauled to a plane transverse to the center line between cut and fill by

the variable x, the total haul would be /xdV. There must be a dis-

tance which, if each volume be considered as hauled that distance, will

give the same as the above. Let this average distance be represented

by x', then x' /dV= xdV. Integrating the first member and dividing

/ xdV
by V, it becomes x' ="-

. The second memlier of the last equa-

V
tion is the expression for the distance of the center of gravity from the

plane. If the fill be calculated in the same way, the average haul of

the excavation will be the distance from the center of gravity of the

excavation to the center of gravity of the fill.

"In the free haul limit each j-ard is supposed to be placed as near

as possible to its point of excavation, so that only the last yard is
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supposed to be hauled the full limit. This is the method usually

employed by engineers to calculate overhaul. As it would be impossible

to calculate each yard from the place of excavation to the place of

deposit, it is necessary to adopt other methods. The corresponding

prisms in cut and fill are not equal, hence the total haul of each prism

cannot w^ell be found. It may be obtained by taking some fixed point,

say the center grade point or station nearest, calculating the distance

from the center of gravity of each prismoid in the cut to this point,

multiplying each distance by the number of cubic yards in its prism, and

then from this point making the same calculations for each prismoid

in the fill ; the sum will be the required haul. The center of gravity

of these prisms is not midway between the end sections, but always

closer to the greater area, and in rolling country there is usually the

same error in both cut and fill, the effect of which is to reduce the

haul ; since the larger areas are farthest from the grade point in both

cut and fill (within haul limits). This is not usually a compensating

but a multiplying error.

"The limits of haul are the first facts to be determined. This

depends entirely upon the terms of the contract under which one is

working. Some engineers prefer to fix arbitrary limits, and consider

several classifications as follows : First, all material from excavation

which can be deposited in embankment within a ft., shall be paid for

in excavation alone, without haul ; second, all material from excavation

which can be deposited in embankment within b ft. (and not within

a ft.) shall be paid for as excavation hauled, plus haul; third, all mate-

rial, etc., within c ft. (and not within b ft.) may have a different price,

and thus it may continue to the desired number of classifications. As

there are different means used for hauling different distances, such as

drag scrapers, wheel scrapers, wagons, carts, and cars, this seems to be

a very just classification.

"Suppose the contract contains the following clause : 'In all cases

work will be estimated so as to make the least cost; that is, earth

from excavations will be estimated as having been hauled to such a

point that the price for earth excavation hauled, plus the price for

haul of earth, shall equal the price for excavation zuasted, plus the

price for embankment borrozved; the limits are then determined from

the different prices paid. Overhaul may be paid for the entire distance

hauled, or for the entire distance less the free haul distance. Probably

the majority of engineers prefer the former, so this discussion will be

confined to that case. The limit for earth may be found as follows

:

Let A == price of embankment borrowed, B = price of excavation

hauled, C = price of excavation wasted, D = price of haul of earth

;

A + C—

B

then A + C= B -|- D, or the limit of haul must = . If C and

D
A

B are equal, as they often are, this reduces to — . This does not take

D
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into consideration expansion, which is quite frequently omitted entirely.

If loose rock expands 20 per cent, and solid rock expands 50 per cent.,

ICO yds. of loose rock would make 120 yds. of embankment, and 100

yds. of solid rock would make 150 yds. of embankment. In general,

if X = 100 per cent, plus the percentage of expansion, the haul limit

XA
would then be . I have demonstrated this very simple proposition

D
because a large number of engineers overlook expansion entirely and

A
consider the limit in all cases as — . Another addition to this limit

D
might be made from the fact that rock will stand at a much steeper

slope than earth, thus giving a smaller cross-section for the embank-
ment. But if a rock bank is topped out with earth, or if the two are

thrown in together, the usual amount of expansion cannot be depended

upon, as most of the interstices left by the rock are filled with earth.

In high embankments made from borrow pits, only about 10 or 12 ft. of

the bottom is hauled less than 100 ft. If all earth, whether in excava-

tion or embankment, hauled more than 100 ft., be classed as 'embank-

ment borrowed,' the tops of high embankments would not be paid for

as 'embankment borrowed,' and thus another factor would enter into the

determination of haul.

A + C—

B

"It is sometimes claimed that the average haul should be .

D
This is evidently incorrect, for there is then an average amount paid for

each yard moved equal to excavation wasted plus embankment borrowed,

and there is no saving in expense. If part of a cut falls without the

haul limit (or if the center of the cut lies between the limits calculated

each way) the contractor may, according to the strict letter of the

contract, be compelled to waste only that portion which falls without

the haul limit; but as a heavy waste bank in a short space is usually

worse than the same amount of material distributed along the entire

length of the cut, the engineer often allows the top of nearly the

entire length of the cut to be wasted, thus making a slightly longer

haul for part of the material, but calculates the quantities according

to the wording of the contract. Embankment may be calculated in the

same way; that is, the base of the embankment for its entire length

may be borrowed instead of borrowing just the quantity without the

haul limit.

"In rock cuts with earth on top, the earth should always be removed

first, so that the rock may be again cross-sectioned. In this case the haul

of each should be calculated separately, as the two would naturally be

kept separate in building the bank. There is no end to the number
of specific cases that may arise, in which the engineer can follow no
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fixed rules, but must be guided by his own good judgment as to what is

justice to all parties concerned.

"Mr. J. W. Davis in his 'Formulas for Railroad Earthwork,' gives the

following rules when part of the excavation is wasted and the balance

placed in fill : 'In such a case determine the average haul 1 of the whole

volume V, as before, as if every cubic yard had been transported to the

ascertained center of gravity of fill. Let V denote the portion carried

to the spoil bank as measured in monthly estimates. Let 1' be the dis-

tance from the center of gravity V, also determined in monthly esti-

mates, to the center of gravity of the waste bank. Let r~b'e the distance

from the center of gravitj' of V to center of gravity of fill and let

V" represent the average haul of the portion of the cutting, V — V, that

was really carried to fill; then 1 V = 1" V -f-
1"' (V — V). This is the

amount of haulage at first calculated; the true amount is 1' V -f- V" (V—
V). Subtracting the false from the true we have for a correction 1' — 1";

v. This is naturally always negative. The true haulage is, therefore,

IV— (1"— r) v. He gives the following formulas for finding the

average haul when part of an embankment is borrowed : 'Knowing the

quantity V brought to the fill from borrow pit, and its center of gravity,

assume an axis. Let 1' be the distance of the center of gravity V from

this axis. Let V represent the entire part of fill to which material from

roadbed cutting has been carried, and whose center of gravity has been

determined as before. Let 1 denote the distance of this point from the

axis. Then V—V is the portion actually hauled from cut, and its

1 V— r V
center of gravity if distance for the axis 1"^= . Since the

V—

V

center of gravity of V — V is the terminus of the average haul distance

of roadbed cutting, measure off 1" from the axis, and from the point

thus determined measure the distance of the center of gravity of the

cut to obtain the true average haul. The above formulas are vei^y nice

as theories, but it seems there is too much machinery for practical pur-

poses. If there is overhaul on the portion wasted the first formula fails,

for that is only for that portion of the excavation placed in embank-

ment. I-t might do very well when the waste is measured in the waste

bank, but the only satisfactory way to measure that material is to meas-

ure the portion remaining. It would seem unnecessary to calculate the

center of gravity of any besides the latter. The haul limit cannot be

determined very well until the waste is taken off and the balance

remeasured, and then it is simply a question of determining the center

of gravity of the cut as finally measured. The formulas to be used

when part of the fill is borrowed are a little more simple, but still

open to objections.

"Having given some of the theories in regard to haul, I will give

some of the methods used in actual practice. Having determined the

limits of extreme haul from the contract, the first thing to do is to bal-
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ance cut and fill or find the limits on the profile. This has to be done

by trial. Suppose the limit to be 1,200 ft.; the problem is to find two

points, one in cut and the other in fill, 1,200 ft. apart, such that the

amount in cut will exactly make that portion of the fill to the limit,

after corrections for expansion, etc., have been applied. If all of a cut

is to be hauled, part each way, and the extreme limit is -iiot reached,

then it is simply a question of dividing it the most economically before

calculating the haul. The only accurate way for calculating haul is the

center of gravity method. One of the most inaccurate methods, and

probably the one most commonly used in practice, is to find the

center of quantity of cut and fill and to take the distance

between the two as the average haul. In rolling country where cuts

are divided near the summit, this always gives too large a result, for in

a prism with unequal end areas the center of quantity is always farther

from the smaller section than the center of mass. In rough work the

errors may compensate to a certain extent. This is a very easy method,

and, if only an approximation is desired, it is a very good one. Another

common method is to take the center of each prismoid as the center of

quantity. This, in the first class of work mentioned above, always gives

too small a quantity, but as in the first method the errors in this also

may compensate. It is probably more nearly correct than the former.

Another method is to take each prismoid in the cut, see how much
fill it will make, calculate the distance between centers, or centers of

gravity, of the two prismoids, and multiply this distance by the number

of yards. This seems unnecessary, for it may very properly be said

that each cross-sectioned prismoid in cut never equals the corresponding

prismoid in fill, and would, therefore, cause a large amount of unneces-

sary work.

"We will now look at some of the accurate methods. On page 244

of Searles' 'Field Engineering' is found the following: 'The distance

of the center of gravity of a prismoid from its midsection is expressed

r(A — A')

by the formula x = . If we replace S by its approximate

12 X 27 S

1(A + A')

value , which will produce no important error in this case, we
2 X 27

1 A — A'

have X = ^— , in which .^ should always represent the more remote

6 A + A'

area from the starting point. Hence x may be -f- or — and must be ap-

plied with its proper sign to the distance of the midsection from the

starting point before multiplying by the contents, S.'
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"Prof. J. B. Davis gives the following formula for finding the cen-

1 B — A 1

ter of gravity of a prismoid : x = 1 . — , in which x

2 A + B + 4C 2

equals the distance of the center of gravity from one end ; A and B are

the two end areas, C the middle area and 1 the length of the prismoid.

This is more accurate than Searles' second formula, but not so simple.

There has been a great deal of time spent in formulating rules for finding

the center of gravity, both analytically and graphically, of a number of

prismoids. In the case of haul there is no necessity for finding the center

Fig. 4.
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of gravity of all the prismoids. It is the total haul and not the average

haul of the mass that is sought. To find the total haul vt'hen the center

of gravity of each prismoid is known, pass an imaginary plane through

any convenient point near the center grade point, multiply the mass of

each prismoid in cut and fill by the distance (divided by the unit length of

haul) of its center of gravity from the plane, and add the results. This

sum is the equivalent number of yards hauled unit distance. The analytical

expression for finding the center of gravity of a number of masses is well

Smx
known to be : x = .

Sm

"Let us consider two graphical methods for finding the center of

gravity of a number of masses lying in the same plane, the distance of the

center of gravity of each from a point in the plane being known. We will

suppose the center of gravity to lie in a line. The first method is due to

Prof. J. B. Davis of the University of Michigan.

"In this special case (see Fig. 4a) represent the masses by Vi, V-,

Vs, Vi, Vs, V3, and the positions of their centers of gravity by Vi, V2,

V3, V4, Vs, V6. At Vi draw a perpendicular below the line equal, by some

scale, to Vi from vi draw a perpendicular equal to V2 above the line,

connect the extremities of these two lines ; where this line intersects the

initial line draw a perpendicular above equal to W. at V:: draw a line

below equal to Vi + V2, connect the extremities of the last two lines

and proceed as before, so that the last line will connect Ve, drawn from Vs

above the "line, with V1+V2+V3+V4+V5 drawn from ve below the line.

The intersection of this line with the initial line will be the center of

gravity of the masses. If the center of gravity be thus found in cut and

fill, the average haul of the entire mass will be the distance between the

centers of gravity.

"The second is the equilibrium polygon method. This may be familiar

to som.e, but it will do Jio harm to repeat it here for those who have not

seen it. (For the demonstration see 'Trusses and Arches, Graphical

Method,' by Prof. C. E. Greene, Pt. II., p. 23). (See Fig. 4b.)

"As above, represent the masses by Vi, V2, etc., and the positions of

their center of gravity by vi, V2, V3, V4, vs, etc, ; from these points let fall

perpendiculars, indefinite in length. From any convenient point, at the

right or left, lay off the masses, to scale, on a line perpendicular to the

initial line in order from the top down as the masses occur, beginning with

the one nearest the initial line, calling the points of division v', v°, etc.,

. . . v", v'. Assume any point o and draw lines from v^ v°, etc.,

v' to o. Beginning with the line at the outside of the end prism nearest

the load line, draw a line parallel to ov' terminating at the perpendicular

through vo, from this point draw a parallel to ov", terminating at the per-

pendicular through Vs. Proceed in the same way, drawing lines parallel
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to each of the lines radiating from o ;
prolong the lines parallel to ov' and

ov*; at the point of intersection erect a perpendicular to the initial line,

then the intersection of the last perpendicular and the initial line will

be the center of gravity of the system of masses. As these are graphical

methods, their degree of accuracy depends upon the accuracy of the draw-

ing. Excellent results may be obtained if care is taken with the drawing

and a sufficiently large scale be used. Cross-section paper may be used

to advantage.

"I have assumed the following center heights in cut and fill and

calculated the haul by three of the dififerent methods, just to show the

dififerences existing among them. Sta. 4, cut 22 ft.
; 5, c. 20 ft. ; 6, c. 16 ft.

;

7, c. 14 ft; 8, c. 8 ft; 9, c. 6 ft; 10, grade; 11, fill 4 ft; 12, f. 6 ft; 13,

f, 10 ft; 14, f. 14 ft; 15, f. 16 ft; 16, f. 18 ft; 17, f. 20 ft; this is the

relative shape of cuts and fills often occurring in rolling country. The

center of gravity of each prismoid was calculated by the formula

1 B — A 1

2 A -f B + 4C 2

The center of gravity of the cut, by the formula x = , is 378.9 +
Sm

ft. from an assumed plane at station 10; that of the fill is 351.2 ft. from

the same plane.

"By the first graphical method, cut 378.9 ft. ; fill 450 ft.

"By the second graphical method, cut 378.8 ft ; fill 450.8 ft.

"The number of cu. yds. between the limits of haul are 8,484.7, so we

liave 8,484.7 yds. hauled 830.1 + ft., equals 70,435 yds. hauled 100 ft.

(The haul by the graphical methods has not been calculated, as they agree

£0 nearly with the analytical method.) By taking the center of each prism

as its center of gravity, we have 69,950 yds. By takii.'g the distance

between the centers of quantity of cut and fill as the average haul, we

have 74,566 yds. The first two methods differ only by about 500 yds.,

while the last differs from the first by more than 4,000 yds.

"Since there is such a wide difference in the methods of calculating

overhaul, would it not be well to specify in the contract how haul should

be calculated? The contractor could then bid on the work accordingly.

There is no doubt but that the center of gravity method is the only

accurate one, theoretically, but how many division engineers have the

time to go through such minute calculations for an item relatively small?

It involves working a large number of areas where they are of no account

whatever in computing the cubical contents, and in one of the formulas

given, necessitates calculating the middle areas."

19. H. C. Godwin, "Railroad Engineers' Field Book," (Wiley, N. Y.,

1890), pp. 136, 137, describes the method of extreme free haul limit like



ROADWAY. 381

Searles (Ref. No. 8), and quotes the editorial discussion on the calcula-

tion of haul from Engineering News, Vol. 20, p. 228 (Sept. 22, 1888),

(Ref. No. 14).

20. S. B. Fisher (then (1891) Chief Engineer, Minneapolis, St. Paul

& Sault Ste. Marie Ry.), "Estimating Overhaul in Earthwork by Means

of the Profile of Quantities," (Engineering News, Vol. 25, pp. 98, 99, Jan.

31, 1891), (reprinted in Frost's "Engineers' Field Book," Engineering

News Pub. Co., N. Y., pp. 118-122).

"No facile, practical and accurate method of calculating the overhaul

of earthwork is as yet in common use. The problem itself, consisting of

finding the relations between the centers of gravity of known

volumes in known positions may be, from the mathematician's

point of view, a comparatively simple one ; but such a lack of readiness

to solve it has the engineer shown that many a contract has been executed

with the privilege of wasting and borrowing at the end of the haul. This

practice results at times in waste of energy by the contractor, and still

oftener in the waste of money to the other party to the contract. By

the system of wasting and borrowing, material is paid for at the full

price of excavation beyond the haul, but, with the judicious use of over-

haul, m many cases the material may be hauled half a mile before its price

is doubled. When, from the increase of the traffic of a railroad, for

example, it becomes necessary to grade for a second track and, in so doing,

to remove material wasted on the margin of a cut into an adjoining borrow

pit along the neighboring fill, where it ought to have been deposited in the

first place, it neither increases the respect of the later engineers for their

predecessors, nor is it a credit to the profession.

"Overhaul, as commonly worked out, is done in an approximate man-

ner, with the ordinary profile and the volumes in excavation and embank-

ment. It takes longer to work it out with the 'Profile of Quantities,' of

Vv^hich a short example is engraved, but it is dont- com.plctely and accu-

rately.

"The method of the profile of quantities was originated by Bruckner,

a Bavarian engineer. It was presented by Culmann in his "Graphical

Statics" in 1868 and translated from that by F. Reineker, then (1871-1873)

principal assistant engineer of the Pennsylvania Company at Pittsburg,

Pa., for the use of his department. This translation was procured there

by the writer and the method adapted to American practice in a great

variety of railway work, and is here given with an example of work as

actually executed.

"The subject is presented, for convenience and clearness, in three

steps: (i) The Compilation of the Data. (2) The Plotting of the Pro-

file. (3) The Taking Off of the Results.
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"(i) Compilation of the Data:—The paper containing the data is

ruled in five vertical columns, as in the following sample table:

SAMPLE TABLE OF COMPUTATIONS FOR CONSTRUCTING "PROFILE OF

QUANTITIES."

0. & S. W. R. R. DATA FOR PROFILE OF QUANTITIES, SECTION 5, OCT. I, 1889.

Station.



sayvA oiano

1000 2000
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located somewhere on the profile, from which the ordinales r-re meas-

ured above for plus and below for minus. Connecting the ends of these

ordinates, we have a broken line which, in mathematical language, may

be called a curve, resembling somewhat an ordinary profile, but wholly

different therefrom, composed of the elements between the successive

stations.

"If the increment, by the use of which any ordinate is formed from

the previous one, is positive, this element of the curve will incline

upward, will indicate excavation and be shown by a dotted or blue line.

If the increment is negative, the element of the curve will incline

downward, will indicate embankment and be shown in red or by a solid

line. So that excavation on the profile of quantities is always shown

by an ascending dotted or blue line, and embankment by a descending

solid or red line.

"We now consider the balancing line. Some points of this line are

always fixed by the patent conditions of the work, and occasionally all

points are so fixed, but very often some points on it are indeterminate at

first, so that each section is very likely to be a little problem by itself.

The functions of the balancing line will most clearly be seen by referring

to the engraved sample profile. We have here the first point of it, A,

the begiiming of the section; B, the end of Ole Oleson's job; C, the

end of John Johnson's job; D, the end of Teapot Kofeeson's job; E,

at station 240, the dividing point between backward and forward hauls

in the cut; F, station 252 + 30; J, junction point of forward and back-

ward hauls in the fill; G, the point where waste commences in the

second cut, and H, the end of the section.

"(3) The Taking Ofif of Results :—From A to D there is no overhaul,

but the nature of the material and any other items can be conveniently

recorded there. The fill between D and K is made from the cut between

K and E. We first fix the position of the limit of haul, which here

comes between stations 226 and 236, and then draw the intervening lines

of overhaul to each point of flexure of blue and red lines. We now read

the elements of the cut between these lines of haul, from the profile m,

or, if we desire great accuracy, from the data prepared for plotting the

profile n, and tabulate them. Each of these elements multiplied by its

respective distance overhauled will give equivalent quantities over-

hauled to one station ; as, for example,

1,680+ 1,570

224 cu. yds. X i>ooo = 224 X 6.25 = 1,390.

2

"The sum of these partial products will give the total overhaul for

the cut. The tabulations should always be verified by seeing that the

sum of the elements of the blue or red curve, as the case is, is equal to

the difference between the extreme ordinates.

"If E— K is rock or D — K is a sinkhole, the line ED will be

inclined and should be prolonged to an intersection with the horizontal



ROADWAY. 385

through K. This intersection then becomes a pole, through which the

lines of haul are drawn. J he method is so flexible it con be applied

to anything which can be executed in earthwork, and in addition gives

a record of what has been done. It is also used to make the prelim-

inary distribution of material before the work is begun."

The following further explanation of the foregoing method was given

in Engineering News, Vol. 25, p. 130, (Feb. 7, 1S91) :

"As the method described in the article under the above title, con-

tributed by Mr. Fisher to Engineering News, January 31, was not entirely

clear to some of our readers, Mr. Fisher has favored us with the follow-

ing fuller explanation of the process outhned in the last paragraph of

his former article

:

"Prolong that portion of the balancing line in the accompanying

figure (Fig. 6), which passes through stations 230 and 240 to the point

P, its intersection with the horizontal through 235 ; the lines of haul

are drawn from this point to each point of flexure of the dotted and

solid curves. The limit of haul is fixed by making the horizontal dis-

tance between the upper intersection 500 ft.

"The expansion and contraction of the material is shov/n by the rela-

tion between the extreme ordinates of the solid and dotted curves,' as

shown in the figure. The balancing line is nearly always more or less

inclined. It is horizontal only when the volumes of the adjacent cut and

fill are equal to each other. The point P will not usually come on the

limits of the drawing, and it is only in the rare instances of great

expansion or contraction of material that it is needed in practice. The
inclination of the balancing line is generally so slight that the lines of

haul can be drawn parallel to it or a trifle divergent."

21. "C. \V. S.," "Estimating Overhaul," (Engineering News, Vol.25,

pp. 134, 135, Feb. 7, 1891), in a communication dated Jan. 31, 1891, dis-

cusses the graphical method of attacking haul problems as follows:
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"In relation to the article on 'Estimating Overhaul in Earthwork by

Afeans of the Profile of Quantities," I would state that the method was

in extensive use on the South Pennsylvania Railroad in 1882-1885,

on preliminary and location surveys, and also, later, during construction,

for monthly estimates. Its flexible qualities and its many uses will sug-

gest themselves in adapting mountain grade lines to the best ground

(especially where the side slopes are very steep and the actual profile of

the center line shows so little of the real amount and location of the

material to be moved), for arranging the distribution of the quantities to

the greatest advantage as to overhaul, waste, or borrow, and the fixing

of section posts. In rock work, or where any mixed material is encoun-

tered, care must be exercised to allow for the proper shrinkage and swell-

ing of the several materials, and the percentage so obtained must be

embodied in the original algebraic summation of quantity before the

ordinates are plotted on the profile or cross-section paper. The graphic

method was mentioned in a paper published in the Proceedings of Engi-

neers' Club of Philadelphia, Vol. 4, No. 2, May, 1884, by Edward Thiange

and J. M. Rudiger, Jr.

22. W. E. Weston, "The Calculation of Overhaul," (Engineering

News, Vol. 25, p. 25s, March 14, 1891), in a communication under date

of Feb. 18, 1891, discusses a method which "consists simply in figuring

the overhaul on the excavation and embankment separately, figuring each

as if it were drawn to the limit of free haul and there dumped." A case

is' worked out in tabulated form to illustrate the firocess.

23. "W. R. H.," "The Calculation of Overhaul," (Engineering News,

Vol. 25, p. 255, March 14, 1891), in a communication under date of Feb.

20, 1S9T, describes the usual method of computing haul by taking out

extreme free haul distance, like the Searles method (Ref. No. 8).

24. T. S. Russell, "The Calculation of Overhaul," (Engineering

News, Vol. 25, pp. 254, 255, March 14, 1891), in a communication dated

Feb. 9, 1891, says: "In your issue of January 31 a method of esti-

mating overhaul by a profile of quantities, by S. B. Fisher, is published.

I have used a method somewhat similar to that, which is illustrated in

the accompanying diagram. Fig. 7, This method consists in plotting the

quantities in the cuts and fills on ordinary profile paper, and preferably

on the same paper on which the ordinary line profile is plotted, using

the same horizontal scale, and placing the stations for the quantity profile

directly above or below those on the ordinary profile, as in the diagram

here given.
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"These quantities are final quantities calculated from the construction

cross-section notes. Each cut an/1 fill is plotted separatel}'—cuttings in

red (heavy solid lines in diagram) and fills in blue (heavy dotted lines) ;

the origins or zero points being at the stations or plusses where the

changes from cut to fill occur. From each of these grade points as an

origin, the total quantity in each cut and fill up to each station is plotted

opposite each station, so that in the curve of quantities thus produced

an ordinate at any point represents the total quantity in the cut or fill

from its beginning up to that point. By plotting backwards in the same

manner we obtain two curves, ^Yhich are symmetrical about a horizontal

line through their point of intersection and which intersect in the center

of gravity of each cut and fill. [Our correspondent here errs. It is not

the center of gravity, but the center of mass. The moments of the equal

masse.s on each side may be very different.—Ed. Eng. News.] The
method of using this profile of quantities can be best understood by

referring to the accompanying diagram. Fig. 7. The cut from Sta.

499 + 30 to Sta. 504 will be hauled into the fill from Sta. 504 to the bridge

opening at Sta. 510 -t- 75. ABC^ and .VBC are the quantity curves for

this cutting, plotted from the grade points in opposite directions. They

intersect at B, at Sta. 500, which is, therefore, the center of gravity of

the cutting. AEGF is the quantity curve for .the fill. It is plotted one way
only, because this fill can be made only by hauling one way, on account

of the bridge opening. Supposing that earth is paid for at 16 cts. per

cu. yd. up to 500 ft. of haul, with an additional i ct. per yd. for each

additional 100 ft. of haul: First find, with a scale or pair of compasses,

the two points, one on the curve ABC and the other on AEGF, which

are exactly 500. ft. apart on a horizontal line, and draw a line between

them, the line DE. These points represent, on the horizontal scale, the

stations between which the haul reaches 500 ft, and the ordinate at

D or E represents the number of cubic yards hauled up to the 500-ft.

limit. Now, find two points on these curves which are 600 ft. apart

on a horizontal line, the points F and G. These mark the limits of the

600-ft. haul, and the vertical distance between the lines DE and FG
gives the quantity of earth hauled 600 ft. In the same way the quantities

hauled 700, 800, 900 ft, etc., can be determined, and the stations which

mark the lim.its of these different lengths of haul are found.

"Having thus disposed of that part of the cutting from Sta. 499 + 30

to Sta. 504, we turn to the curve plotted from the grade point at Sta.

498 and find that, by hauling backward from 498 + 50 to 406 + 20, we
can make just half the fill at Sta. 496; the total quantity hauled being

438 cu. yds. and the maximum distance 230 ft. The balance of the

cutting from Sta. 498 + 50 to Sta. 499 + 30, amounting to 780 cu. yds.,

must be wasted.

"It will be readily seen from a study of this method that an engineer

can tell in advance where to direct the contractors to borrow and where

to waste, and can determine the most advantageous method of hauling
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out his cuts as soon as he gets his work cross-sectioned and his quan-

tities calculated.

'Of course, if rock is struck in unexpected places and the quan-

tities are thereby changed, it will be necessarj' for him to change his

curves, and for this reason it is better not to ink in his quantity profile

until the work is finished.

"I am indebted to R. R. Brucr, C. E., of the C. P. R., for this method

of calculating overhaul." [This method is new to us and seems to have

some very good points in its favor.—Ed. Eng. News.]

25. C. W. Staniford, "Calculating Overhaul for Earthwork," (Engi-

neering News, Vol. 25, p. 2,TJ, April 18, 1891), in a communication dated

March 17, 1891, gives an illustration of the application of the graphical

method of treating haul to work involving large quantities, as follows

:

"In your issue of Jan. 31, 1891, was published an example show-

ing a graphic method of calculating overhaul in earthwork, by Mr.

S. B. Fisher. He describes the plotting of a profile of quantity obtained

from the successive algebraic addition of the quantities in the cuts

and fills at each station, and this, in the main, is the same system which

I have used and found an improvement on the old method. Since this

issue mentioned, there have appeared several other methods and sugges-

tions, but all the examples given (including Mr. Fisher's) are illustrated

in very light work, and the haul is limited to the local consideration only

of the removal of the cut direct to the nearest fill. In heavy work of

a mixed classification, the most economic distribution will often necessi-

tate the hauling or overhauling of one cut through, or around another

into the same fill rather than waste the far cut and borrow. I, there-

fore, submit the following example and diagram, showing a heavy sec-

tion in railway work taken from actual practice, where the question of

haul is rather more than ordinarily complicated."

Then follows a description, with table and diagram, differing from

.Mr. Fisher's illustration only in the magnitude of the quantities.

26. G. H. Frost, "Engineer's Field Book," (being a reprint of C. S.

Cross' "Engineer's Field Book," 1857, with numerous additions of articles

on engineering subjects which have appeared in Engineering News from

time to time), (Engineering News Pub. Co., N. Y., 1891), pp. 118-122,

contains reprint of the paper by S. B. Fisher, describing the graphical

method of treating overhaul. (Ref. No. 20.)

27. R. G. Brown, "The Calculation of Average Haul," in a paper

read before the Iowa Society of Engineers and Surveyors, 1891 (Fourth

Annual Report, Iowa Soc. Eng. and Surv., 1891, pp. 21-25), gives the

following detailed description of the method in general u,se on railroad

work in the West:
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"One element of the cost of earthwork in railroad construction is

the haul of the material. As the material is commonly taken from the

excavations on the line and hauled to and deposited in the embankment,

the distance which the material is hauled continually varies. The average

haul is therefore a space through which, if the sum of all the number

of cubic yards were moved, would be equal to the average of all the

variable distances. It is calculated on the principle that a large number

of yards moved a short distance is equal in the labor required to move

a smaller quantity a longer distance; for instance, that the labor re-

quired to move i,ooo yds. loo ft. is equal to that of moving lOO yds.

1,000 ft. The average haul in this case for the two combined would

be 181.8 ft.; that is, that the labor required to move the whole amount,

1,100 yds., 181.8 ft., is the same as that required to move i,oco yds.

100 ft., plus 100 yds. 1,000 ft.

"In the measurement of the number of cubic yards, in excavation

and embankment, the work is divided into prismoids by cross-sections at

regular stations and frequently at intermediate distances. In making

an exact computation of the distance through which each prismoid is

moved, its center of gravity must be found and the distance of that

center from the center of gravity of the prismoid into which it is

deposited. If, then, the number of cubic yards in each prismoid be

multiplied by the distance it is hauled, and the sum of all the products

he divided by the sum of the cubic yards, the result will be the average

haul of the whole. The difficulty of practically applying this method

is in finding the center of gravity of the prismoid of deposit. If the

number of yards in the prismoid of excavation were always equal to

the corresponding one of the embankment, there would be no trouble,

for the centers of both would be the ones required, but they never

are exactly equal ; consequently, the surplus, if any, of the material must

be carried into the next prismoid of embankment or, if not sufficient,

borrowed from the next excavation, so bringing confusion all around.

A much more accurate result can be more easily obtained by computing

the average haul of the excavation to its terminating point, and that

of the embankment from its initial point. For example, suppose it

were required to calculate the entire haul of a portion of a line where the

embankment was made from material taken from excavation : In the

first place, the haul of the excavation would be computed as though

it were all deposited at the grade point, that is, the point where the

excavation ended and embankment commenced ; in the second place, that

of the embankment from the same point ; the sum of both would be the

average haul of the whole.

"In almost all contracts for earthwork there is specified a certain

limit of free haul, within which all material moved is paid for in the

;?eneral price per cubic yard, but when the material must be carried

beyond this limit the extra distance is paid for at a certain price per

100 ft. extra. Hence, in making the computation of the overhaul which
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the contractor must be paid, the limit of free haul must be taken in the

account. The length of the free haul varies on different roads, but is

always specified in the contract. The limits of free haul are found from

the profile and field, notes, by finding a limit each way from the grade

point, where the material taken from the excavation will just make

the embankment, and the distance between these limits will be just

equal to the free haul specified in the contract. After the limits are

found and the distances on the line noted, the haul of the excavation

to the limit can be calculated, and that of the embankment from its

limit; the sum of the two will be the overhaul for which the contractor

i.s entitled to receive pay.

"Taking it for granted that an exact computation is to be made, the

first step is finding the center of gravity of each prismoid. If the areas

of the cross-sections at each end are the same, the center of gravity will

coincide with the midsection ; but if they are unlike, as is usually the

case, the center will be toward the greater area. As simple and

accurate a formula for finding the distance of the center of gravity of a

prismoid from its midsection as can probably be given is the following

:

"Multiply the difference of the end areas of a prismoid by its

length, and divide by six times the sum of the end areas ; the result will

be the distance of the center of gravity from the midsection.

"Example.—Length, lOO ft. ; end areas, 500 and 200 sq. ft.

100 X 300 30,000

= 7.1 ft.

700 X 6 4,200

"Distance from the smaller end, 57.1 ft.

"This formula is derived from the principles of mechanics, and cannot

well be demonstrated here.

"In calculating average haul, it is best to adopt some system of keep-

ing the notes and adhere to it whenever such a computation is to be

made. As good a system as any is to use a blank level book ruled into

a number of colunms. In the first column enter from the field notes

the station and plus distances of every cross- section : in the second, the

area of the cross-sections ; in the third, the number of cubic yards in the

prismoid, set opposite the greater station number ; in the fourth, the

station and plus distance of the center of gravity of each prismoid ; in

the fifth, the length of haul of the prismoid to or from the limit of free

haul; in the sixth, the product of the length of haul by the cubic yards in

each prismoid. After all these are found, take the sum of all the products

and divide by the sum of all the cubic yards ; the result will be the

average haul of the whole. Pursue this method with both excavation

and embankment separately, and the sum of the two will be the over-

haul for which the cntractor must be paid. The following is an

example of overhaul calculation, excavation computed to grade point

:
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CALCULATION OF AVERAGE HAUL.

Station
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"The average length of haul is the distance between the center of

gravity of the material as found in excavation and the center of gravity

as deposited. It would not, in general, be simple to find the center of

gravity of the entire mass of excavation hauled, and the most con-

venient way is to take each section of earthwork by itself. The 'haul'

for each section is the product of the (i) number of cubic yards in that

section and (2) distance between the center of gravity in excavation

and the center of gravity as deposited.

"When excavation is placed in embankment, there may be some

difficulty in determining just where any given section of excavation will

be placed and where its center of gravity will be in embankment.

I

, . \ \ ^
5

B

Fig. 8.

"In hauling excavation in embankment, there is some plane, as indi-

cated by AB (Fig. 8), to which all excavation must be hauled on its

way to be placed in embankment, and (another way of putting it) from
which all material placed in embankment must be hauled on its way
from excavation. We may figure the total haul as the sum of (i) total

'haul' of excavation to AB and (2) total 'haul' of embankment from AB.

"The total 'haul' of excavation to AB and the total 'haul" of embank-

ment from AB will most conveniently be calculated as the sum of the

hauls of the several sections of earthwork. For each section the haul

is the product of (i) the solidity S of that section and (2) distance from

center of gravity of that section to the plane AB.

"When the two end areas are equal, the ccuter of gravity will be

midway between the two end planes. When the two end areas are not

equal in value, the center of gravity of the section will be at a certain dis-

tance from the midsection, as shown by the formula,

F Ai— Ao

12 S

in which x = distance center of gravity from midsection."

Then follows the derivation of the foregoing formula and a discus-

sion of it3 application (four pages) ; and a full chapter (ten pages) is

devoted to the mass diagram.
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29. C. F. Allen, *'A Graphical Method of Studying Questions of Haul

of Earthwork—the Mass Diagram," (Railroad Gazette, Vol. 27, pp. 326,

^2^, May 24, 1895), presents a complete discussion of the graphical

method of treating haul problems, similar to the German method. This

presentation of the subject is the same as that which appears in "Railroad

Curves and Earthwork," (Ref. No. 28).

30. J. C. Nagle, "Field Manual for Railroad Engineers," (Wiley,

N. Y., 1897, pp. 136, 137), first describes the method involving the ex-

treme or "out to out" free haul limit, like Searles and Godwin (Ref.

Nos. 8 and 19), and refers to two other methods, as follows:

"It will serve in most cases to find a point that divided the mass

into two equal parts, and treat this as the center of gravity; such a

point may be readily found by trial. Sometimes it is specified that the

overhaul must be found by finding the distance of the center of gravity

of the whole mass moved from the center of gravity of the same

mass after depositing in embankment, and deducting from this the

length of free haul, the remainder being called the overhaul. This is

the easier method, but requires every yard moved to be carried the

entire length of free haul before any overhaul whatever is counted."

31. W. L. Webb, "Some Practical Applications of the Mass Curve

in Earthwork Computations," in paper read Nov. 20, 1897, before

the Engineers' Club of Philadelphia (Proc. Eng. Club. Phila., Vol. 14,

pp. 249-264), fully describes the practical application of the "mass diagram,"

forming the basis of the presentation of this subject by the same author

in his "Railroad Construction," reproduced below (Ref. No ZZ)-

32. F. Tscherton, "Railway Construction." ("Der Eisenbahnbau,"

Weisbaden, 1899, pp. 182-197), gives a very complete presentation of the

graphical method of treating haul, distribution of materials, etc., as prac-

ticed by German engineers at the present time. The diagram illustrating

the process (plate 3, entitled "Langenprofil and Massennivellement,") is

very similar to that given in Culmann's work (Ref. No. 4).

Zl- W. L. Webb, "Railroad Construction," (Wiley, N. Y., 1899, 1893,

pp. 1 16-124), presents one of the most complete discussions of the prop-

erties and uses of the mass diagram which has yet appeared. The same

is here reproduced in full, by permission:

"Nature of Subject. As will be shown later when analyzing the

cost of earthwork, the most variable item of cost is that depending on

the distance hauled. As it is manifestly impracticable to calculate the

exact distance to which every individual cartload of earth has been
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moved, it becomes necessary to devise a means which will give at least

an equivalent of the haulage of all the earth moved. Evidently the

average haul for any mass of earth moved is equal to the distance from

the center of gravity of the excavation to the center of gravity of the

embankment formed by the excavated material. As a rough approxima-

tion the center of gravity of a cut (or fill) may sometimes be considered

to coincide with the center of gravity of that part of the profile repre-

senting it, but the error is frequently very large. The center of gravity

may be determined by various methods, but the method of the 'mass

diagram' accomplishes the same ultimate purpose (the determination of

the haul) with all-sufficient accuracy, and also furnishes other valuable

information.

"Mass Diagr.^m. In Fig. 9 let A'B' G' represent a profile and

grade line drawn to the usual scales. Assume A' to be a point past which

no earthwork will be hauled. Such a point is determined by natural

conditions, as, for example, a river crossing or one end of a long, level

stretch along which no grading is to be done except the formation of a

low embankment from the material excavated from ample drainage

ditches on each side. Above the profile draw an indefinite horizontal line

(ACn in Fig. 9), which may be called the 'zero line.' Above every

station point in the profile draw an ordinate (above or below the zero

PROFILE

Fig. 9

—

Mass Diagram.

line) which will represent the algebraic sum of the cubic yards of cut

and fill (calling cut -f and fill — ) from the point A' to the point con-

sidered. The computations of these ordinates should first be made in tabu-

lar form, as shown below. In doing this, shrinkage must be allowed

for by considering how much embankment would actually be made by

so many cubic yards of excavation of such material. For example, it

will be found that 1,000 cu. yds. of sand or gravel, measured in place,

will make about 920 cu. yds. of embankment ; therefore, all cuttings in

sand or gravel should be discounted in about this proportion. Excava-

tions in rock should be increased in the proper ratio. In short, all

excavations should be valued according to the amount of settled embank-

ment that could be made from them. Place in the first column a list of the

stations; in the second column, the number of cubic yards of cut or
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fill between each station and the preceding station ; in the third and

fourth columns, the kind of material and the proper shrinkage factor

;

in the fifth column, a repetition of the quantities in cubic 3'ards, except

that the excavations are diminished (or increased, in the case of rock)

to the number of cubic yards of settled embankment which may be made
from them. In the sixth column place the algebraic sum of the quan-

tities in the fifth column (calling cuts -f and fills — ) from the starting-

point to the station considered. These algebraic sums at each station

will be the ordinates, drawn to some scale, of the mass curve. The scale

to be used will depend somewhat on whether the work is heavy or

light, but for ordinary cases a scale of 5,000 cu. yds. per inch may be

used. Drawing these ordinates to scale, a curve AB....G may be ob-

tained by joining the extremities of the ordinates.

TABLE I.

Sta.

(1)
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may be disposed of. The summation of the products of each load times

the distance hauled will be a constant, whatever the method, and will

equal the total volume times the movement of the center of gravity. The

average haul, which is the movement of the center of gravity, will there-

fore equal the summation of these products divided by the total volume.

If we draw two horizontal parallel lines at an infinitesimal distance dx

apart, as at ab, the small increment of cut dx at a' will fill the corres-

ponding increment of fill at b^, and this material must be hauled the

distance ab. Therefore, the product of ab and dx, which is the product

of distance times volume, is represented by the area of the infinitesimal

rectangle at ab, and the total area ABC represents the summation of

volume times distance for all the earth movement between A' and O.

This summation of products divided by the total volume gives the average

haul.

"(7) The horizontal line tangent at E and cutting the curve at e,

f, and g, shows that the cut and fill between e^ and E' will just balance,

and that a possible method of hauling (whether desirable or not) would

be to 'borrow' earth for the fill between O and e\ use the material

between D' and E* for the fill between e* and D\ and similarly balance cut

and fill between' E' and f and also between f^ and g\

"(8) Similarly the horizontal line hklm may be drawn cutting the

curve, which will show another possible method of hauling. According

to this plan, the fill between C and h' would be made by borrowing; the

cut and fill between h^ and k^ would balance ; also that between k^ and U

and between P and m\ Since the area ehDkE represents the measure

of haul for the earth between e^ and E\ and the other areas measure the

corresponding hauls similarly, it is evident that the sum of the areas

ehDkE and ElFmf, which is the measure of haul of all the material

between e' and f, is largely in excess of the sum of the areas hDk,

kEl, and IFm, plus the somewhat uncertain measures of haul due to bor-

rowing material for e' h^ and wasting the material between m^ and f.

Therefore to make the measure of haul a minimum a line should be

drawn which will make the sum of the areas between it and the mass

curve a minimum. Of course, this is not necessarily the cheapest plan, as

it implies more or less borrowing and wasting of material, which may
cost more than the amount saved in haul. The comparison of the two

methods is quite simple, however. Since the amount of fill between e'

and h^ is represented by the difference of the ordinates at e and h, and

similarly for ni: and fi, it follows that the amount to be borrowed between

e^ and h^ will exactly equal the amount wasted between m^ and f\ By
the first of the above methods the haul is excessive, but is definitely known
from the mass diagram, and all of the material is utilized; by the second

method the haul is reduced to about* one-half, but there is a known quan-

tity in cubic yards wasted at one place and the same quantity borrowed

at another. The length of haul necessary for the borrowed material would

need to be ascertained ; also the haul necessary to waste the other material
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at a place where it would be unobjectionable. Frequently this is best

done by widening an embankment beyond its necessary width. The com-

putation of the relative cost of the above methods will be discussed later.

"(9) Suppose that it were deemed best, after drawing the mass curve,

to introduce a trestle between s^ and v\ thus saving an amount in fill

equal to tv. If such had been the original design, the mass curve would

have been a straight horizontal line between s and t and would con-

tinue as a curve which would be at aW points a distance tv above the

curve vFmzfGg. If the line Ef is to be used as a zero line, its inter-

section with the new curve at x will show that the material between E*

and z* will just balance if the trestle is used, and that the amount of haul

will be measured by the aera between the line E.x and the broken line

Estx. The same computed result may be obtained without drawing the

auxiliary curve txn ... by drawing the horizontal line zy at a distance

xz (=tv) below Ex. The amount of the haul can then be obtained by

adding the triangular area between Es and the horizontal line Ex, the rec-

tangle between st and Ex, and the irregular area between vFz and y. ..z

(which last is evidently equal to the area between tx and E...x).

The disposal of the material at the right of z^ would then be governed

by the indications of the profile and mass diagram which v/ould be found

at the right of g\ In fact, it is difficult to decide with the best of judg-

ment as to the proper disposal of material without having a mass diagram

extending to a considerable distance each side of that part of the road

under immediate consideration.

"Area of the Mass Curve. The area m.ay be computed most

readily by means of a planimeter, which is capable with reasonable care

of measuring such areas with as great accuracy as is necessary for this

work. If no such instrument is obtainable, the area may be obtained by

an application of 'Simpson's rule'. The ordinates will usually be spaced

100 ft. apart. Select an even number of such spaces, leaving, if necessary,

one or more triangles or trapezoids at the ends for separate and inde-

pendent computation. Let yo, yi, . . . . be the ordinates, i. e., the number

of cubic yards at each station of the mass curve, or the figures of 'column

six' in the table. Let the uniform distance between ordinates (= ico

ft.) be called i, i. e., one station. Then the units of the resulting area

will be cubic yards hauled one station. Then the

Area = —[70+ 4 (yi +7^ + • • y (n — 1) ) + 2 (y., + y4 + . • y (n — 2) )=yM]

"When an ordinate occurs at a substation, the best plan is to ignore

it at first and calculate the area as above. Then, if the difference involved

is too great to be neglected, calculate the area of the triangle having the

extremity of the ordinate at the substation as an apex, and the extremities

of the ordinates at the adjacent stations as the ends of the base.

This may be done by finding the ordinate at the substation that would be a

proportional between the ordinates at the adjacent full stations. Subtract

this from the real ordinate (or vice versa) and multiply the diflference

by H X I- An inspection will often show that the correction thus
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obtained would be too small to be worthy of consideration. If

there is more than one substation between two full stations, the corrective

area will consist of two triangles and one or more trapezoids which may

be similarly computed, if necessary.

"When the zero line (Fig. 9) is shifted to eE, the drop from AC (pro-

duced) to E is known in the same units, cubic yards. This constant may

be subtracted from the numbers (column 6) representing the ordinates,

and will thus give, without any scaling from the diagram, the exact value

of the modified ordinates.

"Value of the Mass Diagram. The great value of the mass dia-

gram lies in the readiness with which different plans for the disposal of

material may be examined and compared. When the mass curve is once

drawn, it will generally require only a shifting of the horizontal line to

show the disposal of the material by any proposed method. The mass

diagram also shows the extreme length of haul that will be required

by any proposed method of disposal of material. This brings into con-

sideration the 'limit of profitable haul.' For the present it may be said

that with each method of carrying material there is some limit beyond

which the expense of hauling will exceed the loss resulting from borrow-

ing and wasting. With wheelbarrows and scrapers the limit of profitable

haul is comparatively short, with carts and tram-cars it is much longer,

while with locomotives and cars it may be several miles. If, in Fig. 9,

eE or Ef exceeds the limit of profitable haul, it shows at once that some

such line as hklm should be drawn and the material disposed of accord-

ingly.

"Changing the Grade Line. The formation of the mass curve

and the resulting plans as to the disposal of material are based on the

mutual relations of the grade line and the surface profile and the amounts

of cut and fill which are thereby implied. If the grade line is altered,

every cross-section is altered, the amount of cut and fill is altered, and

the mass curve is also changed. At the farther limit of the actual change

of the grade line the revised mass curve will have (in general) a different

ordinate from the previous ordinate at that point. From that point on,

the revised mass curve will be parallel to its former position, and the

revised curve may be treated similarly to the case previously mentioned in

which a trestle was introduced. Since it involves tedious calculations to

determine accurately how much the volume of earthwork is altered by a

change in grade line, especially through irregular country, the effect on

the mass curve of a change in the grade line cannot therefore be readily

determined except in an approximate way. Raising the grade line will

evidently increase the fills and diminish the cuts, and vice versa. There-

fore, if the mass curve indicated, for example, either an excessively long

haul or the necessity for borrowing material (implying a fill) and wasting

material farther on (implying a cut), it would be possible to diminish

the fill (and hence the amount of material to be borrowed) by lowering

the grade line near that place, and diminish the cut (and hence the
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amount of material to l)e wasted) by raising the grade line at or near

the place farther on. Whether the advantage thus gained would com-

I)cnsate for the possibly injurious effect of these changes on the grade

line would require patient investigation. But the method outlined shows

how the mass curve might be used to indicate a possible change in grade

line which might be demonstrated to be profitable.

"Limit of Fkee Haul. It is sometimes specified in contracts for

earthwork that all material shall be entitled to free haul up to some speci-

fied limit, say 500 or 1,000 ft., and that all material drawn farther than

that shall be entitled to an allowance on the excess of distance. It is

manifestly impracticable to measure the excess for each load, as much so

as to measure the actual haul of each load. The mass diagram also solves

this problem very readily. Let Fig. 10 represent a profile and mass dia-

FiG. 10.

gram of about 2,000 ft. of road, and suppose that 800 ft. is taken as the

limit of free haul. Find two points, a and b, in the mass curve which are

on the same horizontal line and which are 800 ft. apart. Project these

points down to a* and b\ Then the cut and fill between a^ and b* will

just balance, and the cut between A* and a* will be needed for the fill

between b' and C\ In the mass curve, the area between the horizontal

line ab and the curve aBb represents the haulage of the material between

a^ and b\ which is all free. The rectangle abmn represents the haulage

of the material in the cut A'a' across the 800 ft. from a^ to b\ This is

also free. The sum of the two areas Aam and bnC represents the haulage

entitled to an allowance, since it is the summation of the products of cubic

yards times the excess of distance hauled.

"If the amount of cut and fill was symmetrical about the point B*, the

mass curve would be a symmetrical curve about the vertical line through

B, and the two limiting lines of free haul would be placed symmetrically

about B and B\ In general there is no such symmetry, and frequently the

difference is considerable. The area aBb'nm will be materially changed
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according as the two vertical lines am and bn, always 800 ft. apart, are

shifted to the right or left. It is easy to show that the area aBbnm is a

maximum when ab is horizontal. The minimum value would be obtained

either when m reached A or n reached C, depending on the exact form of

the curve. Since the position for the minimum value is manifestly

unfair, the best definite value obtainable is the maximum, which must be

obtained as above described. Since aBbnm is made maximum, the

remainder of the area, which is the allowance for overhaul, becomes a

minimum. The areas Aam and bCn may be obtained as already explained.

If the whole area AaBbCA has been previously computed, it may be

more convenient to compute the area aBbnm and subtract it from the

total area.

"Since the intersections of the mass curve and the 'zero line' mark

limits past which no material is drawn, it follows that there will be no

allowance for overhaul except where the distance between consecutive

intersections of the zero line and mass ciu've exceeds the I'rait of free

haul.

"Frequently all allowances for overhaul are disregarded ; the profiles,

estimates of quantities, and the required disposal of material are shown

to bidding contractors, and they must then make their own allowances

and bid accordingly. This method has the advantage of avoiding possible

disputes as to the amount of the overhaul allowance, and is popular with

railroad companies on this account. On the other hand the facility with

which different plans for the disposal of material may be studied and

compared by the mass-curve method facilitates the adoption of the most

economical plan, and the elimination of uncertainty will frequently lead

to a safe reduction of the bid, and so the method is valuable to both the

railroad company and the contractor."

34. P. H. Philbrick, "Field Manual for Engineers," (Wiley, N. Y.,

1901), pp. 268, 269, describes the method of extreme free limit of haul, like

Searles, Godwin, and Nagle (Ref. Nos. 8, 9 and 30).

35. F. A. Molitor and E. J. Beard, "Manual for Resident Engineers,"

(reprint of "Standard General Instructions to Resident Engineers; Choc-

taw, Oklahoma & Gulf R. R., Jan., 1901), (Wiley, N. Y., 1903), PP- 57-6i,

describe a graphical method of treating haul and distribution problems

similar to Bruckner's "Profile of Quantities," but using the "center of

bulk" or yardage instead of center of gravity. Their description of the

method, with folding plate illustrating the same, is reproduced by per-

mission.

"Plotting and Computing Haul. In plotting haul consider each

small horizontal space (one foot when plotting profile) 100 cu. yds., and

from some base line as the 50- ft. line XY, on Plate VII., (Fig. 11), plot

the 'haul curve,' ABCD, etc., in the following described manner:

26
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The fill station 3999+ to 4004+.
In the cut east of M. P. 76 there is

:

3,475.0 CL1. yds. above the roadbed, and

139.8 " in cut ditches, giving

Total in cut 3,614.8 " of which east of station

4,0Ti -f 18. .. 365.6 " was hauled in to fill station

joio, leaving. .. .3,249.2 " to haul east to fill station 4000.

In the cut station 4004 + to 4008 + there is

1,900 cu. yds. earth,

and 522 " solid rock,

and 260.2 " solid rock in sub-grade.

Total in the cut 2,682.2 " of which all west of station

4008 + 38 197.9 " was hauled in to the fill station 4010,

leaving 2,484.3 " to go into the fill station 4000.

"Inspection shows that the quantities placed in fill station 4010 lie

within the free haul (which is 500 ft.).

"To find the haul on the quantities going into the fill at station 4000,

begin at the west end of the material hauled, M. P. "](-). In the 69 ft. of

station 4015 to 4016, there are, including ditches, 543.6 cu. yds.; with XY
as a base line, and each horizontal space equaling 100 cu. yds., plot 'A'

543.6 cu. yds., below .the base line, and from plus 69 on the base line to

the point A, draw the 'haul curve.' Then between stations 14 and 15,

including ditches, there are 880.7 cu. yds., which, added to 543.6 cu. yds.,

gives 1,424.3 cu. yds., and at station 4014, 1,424.3 cu. yds., below the base

line, plot the point B, and draw the 'haul curve' A B. In this manner
successively find the points C, D and E, and through these points draw

the 'haul curve,' adding in all material that is hauled from each station

to the fill, deducting in like manner any that may be wasted. Thus we
find that at the mouth of the cut the 'haul curve* passes through the point

E, or 3,249.2 cu. yds. below the base line at station 401 1 + 18.

"A point on the curve one-half of this 3,249.2 cu. yds., or 1,625 cu.

yds. below the base line, is the center of bulk of that portion of this cut

hauled to the fill, station 4000.

"As none of this material was placed in the fill at station 4010, but

went on through the cut next east and into that part of the embankment
next adjoining that part of the fill made from the cut, station 4004 + to

4008 +• Draw the horizontal line E S, the point S being at the station

and plus of the west end of the material in the cut, station 4008 + 38,

that went into the fill, station 4000, and, of course, made the embankment
next adjoining this cut. Continuing as before, adding the cubic yards
in each successive station, we obtain the points F, G, H and I; through
these points plot the 'haul curve,' obtaining 5,733.5 cu. yds. at I.
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"By bisecting the quantities in this last cut, we obtain the center of

bulk on the 'haul curve' just plotted.

"Of this last excavation plotted, there are as noted before, in the cut

and sub-grade, 782.2 cu. yds. of solid rock, which, for the purpose of

illustration in this example, we will consider as swelling 50 per cent, or

391. 1 cu. yds.; plot this 391. i cu. yds., vertically below the grade point,

I J, giving sufficient material passing out of the mouth of the cut to make

6,124.6 cu. yds. of embankment. From this quantity deduct the embank-

ment between the grade points and station 4, and plot the point K, in like

manner (deducting all berme ditches and other quantities that have been

placed in embankment, taking into account only such embankment quan-

tities as are made with the material hauled from the cuts and of which

the haul is being plotted) find the succeeding points K, L, M, N and O,

and plot through them the 'haul curve.'

"Draw the horizontal line ESQT, which, of course, intersects the

embankment portion of the 'haul curve' at a station to which the material

from the adjoining cut made the embankment, and the vertical Q J repre-

sents the quantities in embankment and Q I the quantities in excavation ;

bisect the vertical for the excavation and embankment quantity separately

and from the point of bisection draw horizontal lines to the respective

'haul curve,' which they will intersect at the centers of bulk. These

horizontal lines carefully scaled with a 400-ft. scale give the total length

of average haul, which, less 500 ft. free haul, mutiplied by the cubic

yards hauled, gives the number of pay cubic yards hauled 100 ft. In

this case, however, the distance between the centers of bulk is but 490

ft. or within the free haul. The material, however, hauled from the west

cut was iiauled more than 500 ft. and the pay haul on which is to be

determined as follows : Bisect the vertical line at sta-

tion 401 1 -\- 18 (which represents the quantities in the west cut hauled

out last), and through the point of bisection draw the horizontal line P R
which will intersect the 'haul curve' at the centers of bulk of the excava-

tion and embankment quantities. This horizontal line scaled as before,

gives the total haul or 25,181 cu. yds. hauled 100 ft.

"In computing and plotting haul each cut hauled must be considered

by itself, as shown in this example ; in other words, the haul must be

estimated separately for each cut. All haul must be paid for on the mile

from which it is secured."

36. H. P. Gillette, "Earthwork and Its Cost," (Engineering News

Publishing Co., 1903), pp. 211-223, Appendix B, reviews American prac-

tice in the determination of overhaul and quotes in full the articles by

Russell and Fisher (Ref. Nos. 20 and 24). Gillette's discussion of the

subject follows:

"In railroad excavation it has been the custom to specify a limit of

haul within which the contractor received a given price per cubic yard, as

20 cts. per cu. yd., but beyond which limit he received an additional price.
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as I ct. per cu. yd. for each lOO ft. of overhaul. This limit is termed the

'free haul' limit and was usually fixed at 500 ft., or in some cases at

1,000 ft.

"Earth is ordinarily paid for at a given rate per cubic yard measured

in 'cut,' or in 'borrow pit,' and is not paid for again in the 'fill' or embank-

ment except where specific agreement is made to pay for earth measured

in fill also, as is sometimes done when the haul exceeds a certain limit.

"Due to the work involved in figuring this overhaul, and due to

trouble arising from disputes over interpretation of specifications relating

thereto, the overhaul clause has been very generally dropped from speci-

fications. This we believe to be a mistaken policy in most cases. There

are many classes of work wherein an overhaul clause, however, is of no

particular use; as (i) in heavy cuts where steam shovels and cars are

used, the length of haul there making little or no difference in cost; (2)

in reservoir work where hauls are ordinarily very short; (3) in street

excavations where the hauls are generally very long, the contractor sell-

ing the earth for filling lots; (4) in levee or dike work where scrapers

are almost entirely used for the short and nearly uniform hauls of such

work; and (s) to a less degree in wagon road work where the ditches

make the fills, and few long hauls occur.

"Wherever there is very slight probability of changing the profile of

proposed work after the letting of the contract, the engineer can usually

save himself much work by simply giving all data of yardage and haul

on the profile. In such a case no overhaul clause is needed, unless it be to

guide small contractors who cannot employ an engineer to estimate for

them, for the profile shows all the factors needed in making a close

estimate.

"In extensive railroad work, for example, it is very probable that

many changes of line, and consequently of profile, will be m_ade after

work has been let and actually started. A conscientious engineer is almost

certain to find betterments possible after work begins ; hence he should

have some clause in his specifications under which he can equitably adjust

the price that the contractor should receive in case of changed alinement

with resultant change of haul. No clause serves so well for this purpose

as an overhaul clause.

"There is, however, one precaution which the engineer should take,

that is to figure out before the letting of a contract what the total overhaul

is to be and to insert it in the bidding sheet, as 40,000 cu. yds., loo-ft.

overhaul; otherwise the contractor will bid excessively high (for example,

2 or 3 cts. per cu. yd. per 100 ft. of overhaul) knowing that the engineer

has ordinarily no means of determining at the time of letting what this

item may amount to. With an overhaul price, the engineer can evidently

change the alinement and haul without overpaying or underpaying the

contractor for his work, and without having claims for 'extras' filed.

"In railroad work, where the cuts are generally made to balance the

fills, earth is often moved with drag or wheel scrapers, one-horse carts,
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two-horse wagons, or with small dump cars on rails. Wheel-scrapers are

ordinarily considered cheaper than carts up to hauls of 500 ft.; hence

contractors accustomed to bidding with the purpose of using wheelers

largely, felt the necessity of having some clause in specifications that

would enable them to tell to what extent wagons or carts would be used

on any given job. Engineers very justly met this desire by the insertion

of an overhaul clause. Had they not inserted some such clause protect-

ing the contractor, the result would have been either a refusal to bid at all

on the part of reputable contractors, or an unduly high price if they did

bid. It may sound strange in these days of fierce competition and often

of 'cut-throat prices' to speak as if the contractors ever had a voice in

the matter of specifications, yet exactly such a state of affairs has at times

existed. For example, in one locality the contractors held a meeting

at which they voted not to bid upon any work where the specifications did

not give a double price for all earth carried past any opening in the road—
that is, any place where a culvert or bridge was to be built. The specifica-

tions had to be drawn to meet this requirement.

"Unless the wording of the overhaul clause is very clear, controversies

that may lead to lawsuits are apt to arise. Thus in Fig. 7 (see Russell

article, Ref. No. 24) at Sta. 504, the fill passes into cut. Shall the con-

tractor be allowed to move the cut between Stas. 503 and 504 to the fill

between 504 and 505 ; or shall he be made to haul it the full

500 ft. of 'free haul'? There are engineers unfair enough and unwise

enough to take the latter stand, acting under some such general claijse

in the specifications as this : 'The engineer shall have full power to direct

the method and manner of doing all work, not inconsistent with limitations

prescribed in these specifications.' As a matter of fact, were a law suit

to follow any such unjust ruling, there can be no doubt that the court

would hold that the contractor should be permitted to move the earth

as is customary in such work. This being so, it could easily be shown

that, ordinaril}', drag-scrapers are used to move earth for the first one or

two hundred feet, the ordinary method of attacking the toe of such a cut

being with 'drags,' later using wheelers as the haul increases, finally using

carts or cars.

"We see, therefore, that the contractor ordinarily hauls the earth

just as short a distance as he possibly can before dumping it in the fill, and

it is but just and right that he be permitted to do so."

A chapter on "Estimating Overhaul in Earthwork," by H. P. Gil-

lette, very similar to the foregoing discussion, appears in E. H. Mc-

Henry's "Railway Location and Construction."

Then follow the articles describing the graphical methods of Russell

(Ref. No. 24) and Fisher (Ref. No. 20).

2,7. C. Prelini, "Earth and Rock Excavation," (D. Van Nostrand,

N. Y., 1895), pp. 33-41, states that a graphical method of dealing with
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problems in haul and the distribution of earthwork materials, known as

"Lalanne's Curve," was introduced in France previous to "Bruckner's

Curve" in Germany. He describes the current practice of German, French

and Italian engineers as follows:

"Different methods are employed for determining the distribution of

the volumes of earth along the profile of the work. Italian and French

engineers usually calculate it algebraically, while German and some

French engineers determine it by graphical methods. The simplest manner

of obtaining the distribution of masses and the mean distance of haul is

that employed by Italian engineers, which is deduced in a very simple

manner from the calculations of the earthwork. The information is given

in the form of a table made up of ten columns as follows

:
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"Referring to this table it will be seen that in the first section there

is an excess of 560 cu. m. of cut, and between sections i—2 an excess of

140 cu. m., while the fill exceeds the cut in the portion of the road between

sections 2 and 5. The excess of cut has to be brought to the points where

it is needed for fill, and consequently the 560 cu. m. will be distributed

as follows : Ninety cu. m. as near as possible and consequently between

sections 2 and 3, at a distance of 49 + 28 = T] m. ; 310 m. bc'tween sections

3 and 4, at a distance of 49 + 28 + 37=114 m.; 160 cu. m. between

sections 4 and 5 at a distance of 114 + 63 = 177 m. Havnig disposed of

the 560 cu. ni. excess of section o—^i, we have next to dispose of the

excess of 140 cu. m. of section i—2, and this is taken to section 4—S, as

indicated by the table, which can be consulted also for information regard-

ing the procedure for succeeding sections.

"French engineers employ a table constructed on the same principle,

but more complicated in form. It contains 19 columns and considers

separately transportation by wheelbarrows and carts. The following exam-

ple of this French tabulation is taken from Daries' 'Cubahtre dcs Terras-

scments' (Table II). The figures in columns i to 5 are obtained from

the calculation of the volumes of earth required for the work. Those in

column 6 represent the volumes moved by means of shovels, and conse-

quently in a direction transversely to the axis of the work. In columns

7 to 10, inclusive, are given the excesses of cut and fill which have to be

distributed along the axis of the work. Column 11 shows the excess vol-

ume of cut to be used as fill, column 12 the excess volume of cut to be

wasted, and column 13 the volume to be taken from borrow pits. In col-

umn 14 are indicated the places to which the excess volume of the cuts is

to be taken. Column 15 shows the lengths of haul; if this length is less

than 90 m. the calculations are placed in columns 16 and i/, and if it is

greater than 90 m. they are placed in columns 18 and 19. After the table

is completed and the calculations made, if the work is correct, the follow-

ing equations should result, S being the sum of the column as indicated

by the small numerals.

Ol = 06 -J- Oil + bli

05= oe + Oil + Si3

04 + Ol3 = 03 + O12

On + O12 + 013 ^=^ O16 + Si3

"The distribution of the earth along the profile may be calculated

graphically by the curves of Bruckner and Lalanne.
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"Bruckner's Curve. The figure known as Bruckner't, curve is con-

structed as follows : Along a horizontal line indicating the longitudinal

profile of the axis of construction are marked to scale the distances be-

tween the various cross-sections and through each point is drawn a

perpendicular line. On these perpendiculars are laid ofif the algebraic sum

of the cuts and fills, the cuts being considered as positives and the fills

as negatives. When the result is positive the amount is laid off above the

horizontal line, and where it is negative the amount is laid off below

the horizontal line. By connecting the extremities of the succeeding

ordinates by straight lines or parabolic curves, the resulting figure forms

what is called Bruckner's curve (Fig. 12). This curve is constructed

upon the following assumptions

:

Fig. 12

—

Bruckner's Curve.

"(i) That each mass of cuts and fills is concentrated on its corre-

sponding point of the longitudinal profile.

"(2) That on each cross-section only the excesses of the cuts over

the fills, or vice versa, are recorded, and consequently the volume of

earth transferred from cut to fill by shovel is not considered.

"Bruckner's curve possesses a number of important properties which

may be summarized as follows

:

"(i) The maximum and minimum of the curve correspond to the

points at grade where the cut ends and the fill begins, or vice versa

;

thus the points M and N in the figure are points at grade.

"(2) The nature of the work is the same in the space between a

maximum and a succeeding minimum, and is always cut ; it is also the

same between a minimum and a succeeding maximum, and is always

fill. Thus in the figure the work between A and M is cut, E and F
being points at grade.

"(3) The base-line detaches from the curve segments whose bases

represent sections of line in which the cuts and fills are compensated.

Thus the cuts equal the fills for the section of the line AB, and the

common volume is represented by the line EM.
"(4) Considering any section AB in which the fills MB are made

with materials taken from the cuts AM, the area of the surface AMB
represents the sum of the moments of the corresponding- haul (products

of the volumes by the distance).
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"Property No. 3 of the curve indicates a method of distributing along

the axis of the construction the materials obtained from the cuts. But

since this solution is possible for every line parallel to the ground-line,

and each one will give a new distribution of the earth, among the infinite

solutions must be selected the one which requires the minimum of

transportation. In giving the line of distribution two conditions must

be observed

:

"(i) That the sum of the surfaces of the segment separated by this

line on the curve be the minimum.

"(2) That the volume of materials taken from borrow pits or de-

posited on the spoil banks must not be increased.

"Several cases may occur. The curve of Bruckner ends at the

ground-line, or else either above or below the ground-line. If the

extreme of the curve ends at the ground-line this is the line of distri-

bution of the masses. But if the curve of Bruckner ends above or below

it, from the free end of the curve is drawn a horizontal line. Afterward

are calculated the respective sums of the chords intercepted by the

ground-line in the segments that increase and decrease in a plane toward

the free end of the polygon ; if the first sum is greater than the second,

then the ground-line is the line representing the distribution of the

volumes; otherwise the line is raised or lowered until the sums of the

opposite segments are equal. The position of the line satisfying such a

condition is the line of the distribution of the volumes ; but when it is

not satisfied before the free end of the curve is reached, then from this

extreme is drawn a horizontal line, and this will be the line of the dis-

tribution of the masses.

"Lalanne's Curve. This is the only graphical method employed

by the French engineers for calculating the distribution of the materials

along the longitudinal profile of the construction as well as the mean
distance of hauling. It is older than the Bruckner curve and it can be
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of the various ordinates, instead of being connected by means of straight

lines or parabolic curves, as in the Bruckner method, are connected by

horizontal lines drawn parallel to the ground-line. The so-called La-

lanne's curve is really composed of a seyes of parallelograms above or

below the ground-line and it is very convenient for the location of the

line of distribution and the calculation of the mean distance of hauling.

"In Fig. 13, representing Lalanne's curve as given by Daries, he says

(hat the volume BA of the cut should be carried on the equivalent volume

Nh of fillings, and the mean distance for this partial hauling is Ah.

If the hauling is smaller than 90 m., barrows will be employed, other-

wise the material will be transported by means of carts and wagons.

Also the volume mC of cuts must fill in the equivalent volume Gn of fill-

ings, and the partial mean distance of hauling is dh.

"When Lalanne's curve ends above the ground-line, there is an

excess LI of fillings, which is necessary to build with materials taken

from borrow pits, but when the line of the curve ends on the ground-

line this is the Hne of distribution of the volumes, and the work will

then be compensated.

"The mean distance at which the materials ought to be hauled is

usually calculated according to the following methods

:

"(i) By the horizontal distance of the projections of the centers

of gravity of the cuts and fillings.

"(2) By moments.

"(3) By Bruckner's and Lalanne's curves.

"(i) By the Projection of the Centers of Gravity. The geomet-

rical position of the centers of gravity of the cuts and fillinsfs can be

easily deduced from the longitudinal profile and cross-sections in the

following manner: On a horizontal line lay off the distances of the

s'arious cross-sections, erect perpendiculars and on these take segments

representing the excess of the cut or filling in the same cross-section;

the segments indicating the cuts are marked above the horizontal line,

and those representing the fillings below. Unite all the points of the

cuts and those of fillings, find the centers of gravity of these two figures,

and the horizontal distance of their projection will represent in scale the

mean distance of hauling. Only the diflference between' the cuts and

fillings on the same sections is marked here, because the earth removed

from the cut and used for filling on the same section is not removed,

and consequently it is only the surplus that must be hauled away.

"The same result could be directly obtained from the graphical

representation of the volumes of earthwork. By revolving the figures

around the horizontal line and omitting the overlapping portions, which

means to eliminate the areas of cuts and fillings compensated on the

same cross-section, then the horizontal distance of the projections of

the centers of gravity of the remaining areas will be the mean distance

of hauling.

"The horizontal distance of the projections of the centers of gravity
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of the cuts and fillings, however, represents the mean distance of haul-

ing only in case that the cuts and fillings are compensated. But when

the cuts are in excess of the fillings, or vice versa, and consequently

the part in excess must be deposited in the waste banks, or taken from

borrow pits, the mean distance of hauling will then be given by the aver-

ages of the horizontal distance of the centers of gravity of the portions

that are compensated and the horizontal distance from the projection

of the centers of gravity of the excess of the cut and the spoil bank, as

also for the deficiency of the fill and the borrow pit.

"(2) By Moments. The second manner of calculating the mean

distance of hauling is by moments. The name is borrowed from me-

chanics and means in this case the quantity of volume of earthwork

included within two consecutive cross-sections, multiplied by the distances

to which this partial volume must be hauled. The mean distance of

hauling will be obtained by the quotient of the sum of the moments

of hauling, divided by the sum of the hauled volumes.

"On the application of this principle the mean distance can be cor-

rectly calculated by a very long process ; but since in practical works the

rapidity of a method is always preferred to great mathematical accuracy,

the mean distance of the hauling is obtained from the tables already given

and especially constructed in order to know the distribution of the

various masses of the earth along the line of the work.

"According to the table used by the Italian engineers, the mean

distance of hauling is obtained by the sum of the numbers in column

10, representing the partial products of the volumes to be removed, mul-

tiplied by the distance to which they ought to be hauled. Such a total,

which in the case here considered is 94,498, must be divided by the sum

of the numbers in column 8, representing the partial volumes 968.

94,498

In this case the mean distance of hauling will be = 97 m.

968

"French engineers, considering separately the hauling done by means

of wheelbarrow and that done by cart and wagon, two different mean dis-

tances are obtained, the one for the barrow and the second for the cart.

In both cases, however, the mean distance of hauling is given by the

sum of the products of the partial volumes by their distance, divided by

the sum of the partial volumes. Thus the quotient of the numbers in

columns 16 and 17, 2,503 and 148,110, respectively, being 59, will repre-

sent in meters the mean distance of hauling by wheelbarrow; and the

quotient of the numbers in columns 18 and 19, 2,361 and 282,934, re-

spectively, being 205, will give the mean distance of hauling by cart and

wagon.

"(3) By Bruckner and Lalanne's Curves. Both curves have been

already explained at length, and consequently any further explanation will

be useless. The area limited by the perimeter of the curve of Bruckner

and the horizontal ground-line represents the moment of hauling of the
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volumes multiplied by the greatest ordinate, or the product of the volume

multiplied by the mean distance ; and consequently the mean distance of

hauling is given by the total area divided by tlie greatest ordinate.

"Similarly with the Lalanne's curve. Here the heights of the paral-

lelograms are respectively equal to the algebraic sum of the cuts and fill-

ings, while the bases of the parallelograms represent the partial distance

of hauling. In this case also the general mean distance of hauling to be

used in calculations will be given by the total area divided by the great-

est ordinate."

38. G. W. Kittredge, W. McNab, W. D. Taylor, H. J. Slifer, G. A.

Mountain, J. G. Sullivan, C. S. Churchill, W. C. Gushing, A. S. Baldwin, G.

Davis, H. McDonald, W. G. Berg, discussion on overhaul clause, "Specifi-

cations for the Formation of the Roadway," at Fourth Annual Convention,

American Railway Engineering and Maintenance of Way Association,

(Proceedings, Vol. 4, 1903).

Clause 53 (p. 26), as proposed by Committee on Roadway: "It is

distinctly understood that the contract price per cubic yard covers any

haul found necessary, and that there will be no allowance made for

any so-termed 'overhaul.'
"

The clause was amended (p. 34) by adding the introductory words,

"unless otherwise specified."

Conclusion No. 4 (p. 32) : "That profiles be made complete in re-

gard to distribution of material, in order to obviate necessity for over-

haul measurements."

The discussion on Conclusion No. 4 (pp. 66-74) follows

:

The President (Mr. G. W. Kittredge, Cleveland, Cincinnati, Chi-

cago & St. Louis) :

—
"Conclusion No. 4 is before the Association for

action."

Mr. W. McNab (Grand Trunk) :

—
"Before this conclusion is dis-

cussed by the Association, I would like to say that it is the feeling of

this Committee that it would be wise to eliminate from the specifications

reference to the term 'overhaul' We have had abundant experience

in the past m regard to the actual cost of the transportation of material,

whether by teams or by cars, irrespective of the cost of loosening,

loading and unloading. With this experience, there is no reason what-

ever why the profiles of a railway company cannot be got up in such

shape as to show the distribution of the material desired by the com-

pany. It is not necessary to wait until getting on the ground to decide

where the distribution is to be ; that can be done best by a competent

engineer after plotting his profile, running off his quantities and con-

sulting his general notes. An inspection of such a profile will show
the contractor very clearly what the average haul will be at any one

place, and as to his methods of work—whether he is going to use drag-

scrapers, wheelers, carts or wagons, steam shovels and cars operated by
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steam or other power—that is pretty well made up in his mind before

he makes his bid. I do not think that any hardship can be inflicted upon

the contractor by making use of a profile of this sort, if the proper infor-

mation be put upon it. Let the information be approximate but in

good shape. It will pay the railway company to have competent engi-

neers at the work. Of course, an engineer should know primarily the

requirements of his line ; that is, as to how far it is going to be to its

interest to use surplus material in cuts for the widening for prospective

double track, or when it would be more to its advantage to waste the

material. If we can eliminate this custom of overhaul from specifica-

tions, we will get rid of one of the sources of the greatest contention,

annoyance and inconvenience in a grading contract. I hope there will

be a good discussion on this question of overhaul."

Prof. W. D. Taylor (University of Wisconsin) :

—
"I will make a

motion that this conclusion be revised so as to put excavation on an

overhaul basis.

"These specifications are drawn with the idea of doing away with any

allowance for overhaul, and this idea is in line with the plan on which

many construction contracts have been let; but to my mind this prin-

ciple is inherently wrong. Under this system a contractor moves dirt

cut of a short-haul cut, which costs him, say, 12 cts. a yard, and also on

the same work dirt out of a long-haul cut, but which will enable him

to make so much more than a fair profit on the short-hau.l cut as will more

than balance his loss on the long-haul cut. Now, if experience in the

contract system of doing work has demonstrated any one thing to my mind

clearly, it is the fact that the best incentive to get good, conscientious con-

tract work done is to so arrange the contractor's prices that he will make

a fair profit, and only a fair profit, on each unit of work done. The

average contractor, who is quite a resourceful individual, will find a hun-

dred ways how not to do that portion of the work which is a dead loss to

him. He will persuade your engineer that a trestle is needed to pass the

water where that fill with the long haul was intended. He will slight

that work in every conceivable way till the track is about to catch him

there, and in desperation the engineer orders him to borrow and waste

imder the full price for excavation, that is, under payment both ways. It

is certain that the contractor will not do, except under great stress, that

portion of the work on which he loses. The common-sense way of getting

such work done to good purpose is to pay more for it when it costs more,

and less when it costs less.

"Let me illustrate by two examples, which you may consider hypothet-

ical if you wish, how this idea of 'balancing up' on contract prices works in

practice. A contract was let for driving a tunnel. Though the tunnel

could have been driven more economically without it, a deep shaft was

sunk midway of the tunnel to hasten the work. The president of the road

had given peremptory orders that the tunnel excavation price should not

exceed a certain figure, since the road had never paid above that price.
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Jt so happened that this price afforded a very large margin of profit on

.the excavation through the portals on this particular tunnel, but on account

of the conformation, caused a loss on all excavation through the shaft. A
contractor took the work at the required figure, but succeeded in extracting

a big price for the shaft excavation and for the installation of the hoist-

ing machinery, pumps, etc. Once the shaft was driven, there was almost

,a. continual breakdown in the pneumatic pumping or hoisting plant at the

shaft, and in spite of the engineer the draft forces were simply used as a

reserve supply to keep the forces that worked through the portals at

maximum efficiency. The excavation simply could not be taken out through

the shaft at the price named, and the shaft was constructed to little purpose.

The contractor simply succeeded in getting a higher price on the whole

work than he was entitled to, only because the railway company was not

willing to pay a reasonable profit on more costly work. Again, a road

was being constructed through the suburbs of a city. A long depression

was crossed on a high fill. The adjacent ground outside of the regular

right-of-way afforded excellent material for borrow pits. But the land-

holders jumped the price of the land to a prohibitory figure as soon as

ihey found that the railroad company wanted it. It was then arranged

to make a long haul from a cut, and the cut was shown on the profile

.when the contract was let, at a uniform price per cubic yard, which included

the haul. As soon as the work was started and the landowners saw that

the railroad company was not going to allow them to hold it up, they

were eager to sell their land a<; a reasonable figure, but the road could not

profit by their change of heart because the 'no-overhaul' contract gave the

contractor his turn at the hold-up business, and he was not willing to make

a reasonable enough reduction in his price to save the haul, for, as usual,

'he was not making anything on the work anyway.' In nine ca.ses out of

ten a contract let on a scale of prices which will allow the contractor a

.reasonable profit oh every unit of work will save the company money.

"I grant that there may be sections of second-track work and pos-

sibly of short extensions through well-known country, where very careful

suVveys have been made and the right-of-way all plotted out and surveyed

beforehand, where the 'no-overhaul' contract may not be .so very objection-

able, for then the character of material, the regimen of the streams and

the.eff'ect of the weather may be well known and the engineer can work

put beforehand with some certainty the best disposition of his material,

so as to show it at -the time of the letting en his profiles. But I have

never yet seen a heavy piece of new work in new country where the

material was disposed of entirely, as shown on the profile at the time

of the letting of the contract. The material always develops characteristics

which require an alteration in the plans ; even the state of the weather

compels at times a change from tlic proposed disposition. In such cases

it is inevitable that there will be long hauls shown on the profile which

will never be made in the field, and there will be long hauls on the

ground which have not been shown on the profiles. The contractor will
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never fail to present his 'extra' for the latter worhc, but I have never yet

known where a reduction could successfully be made in the former case.

In such cases there is no reasonable doubt but that the engineer should

have flexible prices in his contract, which will enable him to pay a price

affording reasonable profits on work which costs him more, and which

will enable him to pay only a reasonable profit on work which costs less

than was contemplated.

"I think that the absence of the overhaul clauses from so many con-

struction contracts is due to the fact that this kind of construction work
formerly fell so largely in the hands of uneducated engineers, who doubted

their own ability to accurately calculate overhaul. These men know from

experience that the calculation of overhaul by the old 'cut-and-dried'

methods was an exceedingly tedious operation, and that any two of the

old engineers could rarely get the same results from the calculation of

the overhaul on a heavy excavation. But I take it that such work from

now on will be largely in the hands of educated engineers, and the tech-

nical schools of the country are turning out many graduates, to whom
the accurate calculation of overhaul is mere child's play. I suggest to

the Association that it is advisable to revise these specifications before

approving them, so as to put excavation work done by contract on an

overhaul basis."

Mr. H. J. Slifer (Chicago, Rock Island & Pacific) :—"If we are edu-

cating men of this character, why should they not be able to make the

profiles called for and arrange for the overhaul to be carefully platted

on the profile? The average contractors to-day do not depend upon

this 'cut-and-dried' method. They are hiring the best engineering

talent obtainable to determine their bids. These engineers are as capable

of figuring the overhaul from the profile as the man who makes the original

survey, and I see no reason why we should continue the old practice of

paying a contractor for something he can figure out for himself."

Mr. G. A. Mountain (Canada Atlantic) :

—
"I second the motion,

and my reason for doing it is this: No matter how carefully the profile

is made and the grades laid down on it, some changes are more or less

necessary. Take a grade of 40 ft. to the mile, through a cut and fill

;

the extreme from the beginning of the cut to the end is, say, 2,000 ft.

Now, we find it necessary, say, to reduce that to a grade of 30 ft. to

the mile. You add 500 ft. on each end. The work is taken on the first

basis and the contractor has to do it on the second, and i( seems to me
there is a case for an 'extra'—in other words, a breach of contract. An
overhaul clause covers that, and I think it is a safeguard in the specifica-

tions."

Mr. J. G. Sullivan (Canadian Pacific) :

—
"I have had fifteen 3'ears' ex-

perience in the Northwest in construction matters, and this is the first

time I have heard any objection made to the 'overhaul' clause of a con-

tract. It is said that we should know exactly what to do beforehand.

What is the objection to paying for the work after it is done, when we

27
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do know what material is removed and the distance it is hauled? Did

imy engineer ever see a contract where we could not change the grades

or alinement? When this body of engineers is ready to vote that you

cannot change the line of grades, I will be ready to vote to cut out the over-

haul. I contend that we are never able to figure out exactly what we are

going to do, or that we shall have surveys made which will not be

changed."

Mr. Slifer:
—"As a practical illustration of that, I have in mind a line

of railroad 85 miles in length, where, with the exception of one cut,

there was no overhaul. In the course of the work there was found addi-

tional overhaul. The matter was arranged to the satisfaction of both con-

tractors and engineers."

Mr. C. S. Churchill (Norfolk & Western):—"! think Conclusion

No. 4 could be well adopted without bringing in the feature of overhaul

directly. I think the clause is a good one as it stands, in order to obviate

the necessity of overhaul measurements. It is the business of the engi-

neer to avoid this as much as possible. When we later take up the ques-

tion of overhaul in detail (clause 53), I see no reason for allowing it to

stand; but I think this particular conclusion should be adopted as it

reads. As to the overhaul clause entering into the contract, under certain

conditions, I favor a long overhaul clause, about 1,600 ft. This reduces

the possibility of it to a minimum, and by having it printed in the price

column of a contract it is always easy to avoid using the clause in cases

where we give full information, such as in double-track work, and there

is no question where the material will go ; so the contractor can be told,

'here is a place where you have 2,000 ft. overhaul ; we want to let this

practically without any overhaul allowance, and to pay only the excavation

price.' Therefore, I believe Conclusion No. 4 should be adopted, but that

nevertheless there be an overhaul clause in the body of the specifications,

to be used under certain conditions."

Mr. Sullivan :
—

"I presume if this clause is carried as it stands, the

Committee will tell us how we can do it. We will certainly need a school

for that."

The President:—^"Prof. Taylor desires that the specifications be

revised so as to put excavation on an overhaul basis. That takes out Con-

clusion No. 4 and substitutes this motion."

Prof. Taylor:—"I will leave it to the Committee. The question is

v.-hether or not they will put excavation on an overhaul basis."

Mr. Slifer :
—"The recommendation of the Committee is that pro-

files be made complete in regard to distribution of material, in order to

obviate the necessity for overhaul measurements. W"e do not say there

shall be no overhaul measurements. We want the engineers to make their

profiles complete and avoid overhaul."

Prof. Taylor :
—"How can you make profiles complete when you cannot

tell what the condition of the weather is to be? You may lay out an

embankment one day, and when you come to .build it you cannot do it
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on account of difficulties which exist and which were not noticeable before.

Water may cover the ground where borrow pits were intended."

The President :

—"Your amendment is that Conclusion No. 4 shall

be amended, and a conclusion as written by you shall take its place. This

is out of order. The amendment to the conclusion of the Committee, as

given by Professor Taylor, is that the specifications be revised so as to put

excavation on an overhaul basis."

Prof. Taylor :
—"The Committee has drawn up specifications, not allow-

ing excavation work on an overhaul basis. I think, and I think a majority

of the members of this convention believe, it ought to be permitted to

put it on an overhaul basis My motion not only includes the objection in

regard to Conclusion No. 4, but requires the specifications themselves to

be revised so as to put in the overhaul clause."

Mr. W. C. Cushing (Pennsylvania Lines) :

—"There are two classes

of engineers in this convention—one class of engineers who have mostly

to deal with existing lines ; the other class of engineers have to deal mostly

with new construction in undeveloped country. The class of engineers

who deal with existing lines have done away with overhaul matters en-

tirely. They never think of it. When there is a piece of work to be

done, it is an easy matter for the contractor to go and visit the work, and

with the profiles that are made it is quite feasible for him to get an

jiCCurate knowledge of exactly what is to be done, and he makes his bid

accordingly. It is that condition which has also led engineers who deal

with existing lines to abolish the classification of material. Material,

unless it is half and half of different kinds, generally is taken under con-

tract on the basis of the kind which is in excess, or in large majority,

and these points have to be borne in mind by all of us in discussing these

matters. There may be good reasons for those engineers who are con-

structing new lines in undeveloped country, where it is difficult for the

contractor to view the work beforehand, to have an overhaul clause, and

whose specifications should be such as to include that feature and make
allowance for it where it is necessary. It is useless work for those engi-

neers who do not have to deal with this condition to consider it at all.

It is not unfair to the contractor. He has as good opportunity as anyone

could have of judging in advance what his work is to be."

Mr. A. S. Baldwin (Illinois Central) :

—
"I move the following as an

amendment : 'That profiles be made as complete as possible, in regard to

distribution of material, in order to obviate, where practicable, necessity

for overhaul measurements.'
"

Mr. McNab:—"Does not that expression, 'where practicable,' open

the door too much for a diflference in opinion, with its consequences?"

Mr. Mountain :
—

"I ask if any engineers doing new work know of any

profiles which were made complete ; in other words, that have not been

changed during construction? If .so, this clause is all right. If not, it is

impossible to put it into use. Every engineer knows how difficult it is

to put the proper gradients on profiles. The location is changed, which
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varies the classification, and if it does not, it varies the overhaul, and

profiles cannot be made complete in regard to distribution of material."

Mr. Gushing:—"I do not believe that engineers who are engaged en-

tirely in new construction can object to the desirability of being able to

comply with what the Committee recommends, if it is possible to do so.

It stands there as a desirable thing to do, where possible. It avoids work

and confusion in the construction of new lines, and it is possible for such

a condition to exist, where the line is passing through a rolling country,

that the cuts and fills are to be made approximately equal and follow

each other in regular order. I have seen a good deal of such country,

H'here it v/as not a question as to how the material was to be moved

—

the natural thing to do was to move it into adjacent fills, and no overhaul

measurement is necessary in work of that kind. That is a desirable condi-

tion of affairs, if it can be carried out. The matter of putting in an

overhaul clause is entirely a special consideration, to be determined by

conditions. I cannot see anything objectionable, even from the standpoint

of those engineers of whom I speak, in admitting a recommendation of

this kind as given in the report of the Committee."

Mr. Sullivan :

—

"I dislike to take up the time of the convention, but

this matter of roadway construction is a subject in which I am very

much interested. In answer to Mr. Cushing, I will say that these specifi-

cations are very good in a general way, and they just apply to us ignorant

fellows who are out West and take up these specifications ?,nd read them

very carefully. Mr. Cushing says, 'take them ; they are goo*"! enough, and

put in anything special you want to.' We do not do that. But you men
in charge of maintenance of way, every time you write a contract, you

have a special case. All your work is 'special,' and our work is general.

Why not make these specifications for the men who will take them liter-

ally? These specifications will be copied by thousands of young men who
are starting out as engineers on small branches, who are building roads,

and they are the engineers who should be helped out. I believe Mr.

Cushing will admit that he must write a special contract for everything

he does—the conditions are so different. These specifications cover all

work in general ; not only new work."

Mr. Slifer :
—

"I think as a young engineer I had more experience

on the subject of overhaul than any other on construction of new lines

and improvement of old lines where overhaul was not allowed. It is

perfectly practicable to make a profile that will avoid any question of

overhaul payment."

Mr. Garrett Davis (Chicago, Rock Island & Pacific) :

—"You will

notice in paragraph 53 that it was the intention of the Committee to

cut out pay for overhaul. This is shown in the body of the specifications.

I understand the Committee to mean the profile shall be made to show
the overhaul, so that a flat rate shall be made to cover it. My opinion

is that you will pay a little more for your work. I do not believe the con-

tractor will bid as close where he bids a fiat rate, including overhaul, as

he will if the overhaul is put in separately."
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The President :
—"We are not discussing the question as to whether

or not overhaul shall be put into specifications. We are so pressed

for time that I must ask the members to confine their discussion to the

question before them. Later, when we come to the discussion of the

overhaul, we can find out whether it is a good thing to put in or not."

Mr. Slifer:
—

"If this conclusion be adopted, it will not affect the ques-

tion of overhaul."

(The question was then put on Mr. Baldwin's amendment, which was

lost.)

The President:
—"The question will now be on the adoption of con-

clusion No. 4 as reported by the Committee."

(Conclusion No. 4, as reported by the Committee, was adopted.)

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis—by

letter) :— (Suggested substitute for clause proposed by Committee, p. 115.)

'The price paid for excavation includes the cost of loosening, loading and

transporting a maximum distance of seven hundred (700) ft., unloading

and spreading the material. Where material is required b> the engineer

to be hauled more than seven hundred (700) ft, the additional price per

cubic yard, measured in place, per one hundred (100) ft. haul, in one

direction only, provided in the contract, shall be paid the contractor.

Fractions of one hundred (100) ft. shall be counted as one hundred

(100) ft. The length of overhaul shall be computed between centers of

mass of excavations and embankments, measuring along the line of haul.

This maximum haul applies only to the transportation of material by man
and horse-power. Where it appears expedient to use other motive power

for transporting material, a special agreement will be entered into as to

the length of haul. This clause does not apply to tunnel excavation."

Mr. Walter G. Berg (Lehigh Valley—by letter, pp. T18-126) :

—
"In the

discussion of the report on Roadway at the convention the question of

'overhaul' received considerable attention. The Committee's recommenda-

tion was adopted, viz., to exclude overhaul payments. I consider that

this sweeping decision was a mistake. We must admit that there are

different governing conditions in letting work, and we should recognize

same in determining this question of overhaul.

"Personally, I would congratulate any engineer who is able to let a

contract without the overhaul provision, and there are conditions where

this can be done with perfect equity to both parties to the contract.

There are other cases, however, where one of the parties is liable to lose

money unless the overhaul clause is retained.

"In grading operations in sections of the country where the railroad

work is usually let to a well-known contractor and where the work has

been carefully surveyed and mapped, it is perfectly feasible to expect

the contractor to draw his own conclusions as to the extra cost involved in

long hauls and to place upon the contractor the responsibility of conduct-

ing his operations according to his own plans relative to the method of

distributing the material. Where the route is well mapped it is also
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feasible for the engineer to indicate on the profile the proposed distribu-

tion of the material. In such case it is not necessary to provide for over-

haul payments. This is particularly the case in track-widening operations.

"Where, however, work is let on the basis of preliminary profiles, fre-

quently even on traverse lines approximating the final location only, it is

not feasible nor economical to throw on the contractor the burden of

guessing at the probable haul. The railroad company will profit by

inserting a properly worded overhaul clause.

"I consider, therefore, that paragraph 53 of the proposed specifications

should have added to it the words 'unless otherwise distinctly specified.'

These specifications should then have a supplemental clause relating to

overhaul, and it should be stated that this should be considered as a spe-

cial clause for use where it is desired or found necessary to have an

overhaul allowance. The standard specifications indorsed by the Associa-

tion would then indicate that the preferable course would be to omit over-

haul, but would still ofifer a standard overhaul clause for use in such cases

where the special conditions made it essential to arrange for overhaul.

"In the discussion at the convention one of the members emphasized

that the calculation of overhaul was a very simple matter and that any

engineering student while at college was taught how to calculate same. I

admit that the actual determination of overhaul is based on very ele-

mentary arithmetical calculations, but I doubt whether one out of ten

professors of engineering, unless he has actually had charge of heavy

grading operations, would be prepared offhand to define the best method

of recording all the varied movements of the actual material distribution

and to explain intelligently the difference between average haul of the

whole section, total haul, overhaul, free straight haul, free average haul,

and whether cross-haul, or hauls to waste or from borrows should be

allowed. In fact, very few engineers even know that there is a difference

in dollars and cents whether the free haul is a free straight haul or a free

average haul. Even the otherwise very clear substitute clause proposed by

by Mr. Hunter McDonald relating to overhaul does not distinctly define

this feature.

"In the issue of the Railroad Gazette of January nth, 1884 (Ref. No.

II in this review), I published an article on the determination of over-

haul and a graphical profile method for recording the various movements

of the material during the progress of the work, the method being such

as to enable the engineer to plot monthly, as part of the monthly esti-

mate, the actual material distribution and cover all the various freaks of

material movements, such as working cuts in several lifts, filling embank-

ments in sections or layers, wasting material, location and haul from

borrow pits.

"In the actual determination of overhaul there are three methods, as

follows

:

"(i) All cuts of the section are taken into account, the average haiU

ai each individual mass determined and the average total haul established
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according]3^ The free haul is deducted from the average total haul and the

balance represents the overhaul applicable to the total yardage of excava-

tion of the section. 1 his method is called the free average haul applicable

to all excavation of the section.

"(2) All cuts the material from which is disposed of within the

free-haul limit are left out of consideration entirely. All other cuts from

which the material, or at least some of the material, is hauled beyond the

free-haul limit are taken into account, the average haul of each individual

mass of same determined and the average total haul established accord-

ingly. The free haul is deducted from the average total haul and the

balance represents the overhaul applicable to the total yardage of exca-

vation of such cuts only from which the material or some of the material

is hauled beyond the free limit. This method is called the free average

haul applicable, however, only to cuts with overhauls.

"(3) All cuts the material from which is disposed of within the free-

haul limit are left out of consideration entirely. At all other cuts the

material in the cut required to balance the material in the nearest fill or

fills, is determined within the free-haul limit ; in other words, a strip equal

to the free-haul limit is cut out of the profile in such a way that the cut

balances the fill within the length of this strip. This balanced material

within the free-haul strip is not taken into account. All other material

that is clearly hauled more than the free-haul limit is taken into account,

the average haul of each individual mass determined and the average total

haul established accordingly. The free haul is deducted from the average

total haul and the balance represents the overhaul applicable to the total

yardage of such parts of cuts which are hauled beyond the free limit.

This method is called the free straight haul, as it eliminates consideration

of absolutely all material that is hauled less than the free limit.

"The first method is the logical result of carrying out the general

principles of determining overhaul as taught in most colleges. Tn practice

it means determining the haul of all material moved, even v/here, as in

side-hill work, the material for long stretches is simply cast sideways. It

will lower the average overhaul of the section, however, as all material,

even if moved only a short distance, figures in the calculation. It is not a

fair method, nor one readily understood by contractors.

"The second method is probably the one most in use. It is, however,

illogical. Why should material hauled less than the free limit be thrown

out if in a small cut that is worked into a nearby fill, and yet other

material hauled less than the free limit be considered simply because it

forms a part of a large cut, the balance of which is handled beyond the

free limit? The extended use of this method can be traced to the greater

ease with which the overhaul can be calculated. All cuts with short hauls

are simply marked off the profile and the calculation of centers of gravity

made only for all other cuts in their entirety.

"The third method is the only one which is logical and corresponds

to the specification clause as usually written, j. e., that ajl material shall
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be hauled up to a certain distance free. It is more laborious for the engi-

neer, as the material at the entrance to all cuts, from which some material

goes beyond the free-haul limit, has to be balanced with the fill within a

distance equal to the free haul.

"The fundamental arithmetical principle of overhaul calculations is

very simple, but the application of same to all the varied conditions on

actual construction work is complicated by many questions. Any proposed

overhaul clause in specifications must be very clearly worded accordingly.

"Is the haul to be calculated for all material on the section ; is the

haul to be calculated only for such cuts from which all or some of the

material is hauled beyond the free limit, but the thus ascertained overhaul

to be applicable to all the material in such cuts ; or is the haul to be calcu-

lated only for material actually moved beyond the free-haul limit; is the

distribution of material to be based on a theoretical scheme worked out

on the profile or on the actual conditions ; will cross-haul be allowed, i. e.,

when material from a small cut is necessarily hauled to a fill in the direc-

tion of a big cut and subsequently material is hauled in the opposite direc-

tion from the big cut over the fill and small cuts to another fill beyond

the small cut; will overhaul be paid on borrow or waste, and in such case

is the haul to be figured from stations of the center line, or from the air

line, or from the actual route traveled from cut to waste bank and borrow

pit to fill? If the natural method for moving the material or the pre-

liminary scheme worked out on the profile has to be departed from in

order to expedite the completion of the work, or owing to influences out-

side of the control of the contractor, such as bridges not being completed

over which the contractor has to haul material, will the company take into

account the increased cost of haul, if any, to the contractor, or will the

engineer insist on following out the preliminary profile scheme?

"The above are not academic theoretical points, but questions that

come up constantly in practice. They should all be well understood and

defined, especially considering the importance and money value of over-

haul. Most preliminary estimates disregard overhaul, and large sums have

to subsequently be paid, causing estimates to overrun and casting discredit

on engineers generally.

"As an illustration of the money values involved, I have taken an

8,ooo-ft. long section of grading work and determined the overhaul for the

three methods mentioned above, on the basis of i,ooo ft. free-haul and i ct.

overhaul rate per cu. yd. and lOO ft. overhaul. The first method gave

1,150 ft. overhaul on 101,000 cu. yds., or $11,615.00; the second method,

1,800 ft. overhaul on 73,000 cu. yds., or $13,140.00; the third method 2,600

ft. overhaul on 66,000 cu. yds., or $13,596.00. Truly, with such large pay-

ments and wide variation of results, it does not seem out of place to devote

a chapter in place of a paragraph to overhaul determination in our engi-

neering text-books. Further, we have men spending days working out

carefully yardages and various quantities and yet when it comes to over-

haul the office methods are usually very inaccurate and based on theoreti-

cal in place of practical premises.
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"To illustrate the wide fluctuations in the material distributed as

originally estimated and as actually carried out, I will quote the results

of an investigation I made with the same 8,ooo-ft. section above referred

to. The original center line profile estimate, based on center heights,

showed a material distribution of excavation 103,000 cu. yds., of which

2,000 yds. were waste. The final profile after cross-sectioning, the dis-

tribution being made by the engineer familiar with the conditions—in

other words, on a practical basis as far as feasible ahead of actual con-

struction—showed excavation 108,000 cu. yds. and 10,000 borrow, or 118,-

000 cu. yds. to be handled. In actual construction the program had to be

varied, as one bridge did not get done in time for the grading contractor

to haul over same, and the results were excavation 108,000 cu. yds., borrow

41,500, or a total of 149,500 cu. yds., to be handled, of which 31,500 cu.

yds. were wasted. The fluctuations in overhaul, if it had been deter-

mined, would be equally astonishing, and would vary within wide ranges

according to the method adopted for ascertaining same.

"I present herewith two diagrams, A and B, Fig. 14, illustrating the

difference between free straight haul and free average haul as applied

to a cut and fill aggregating 4,000 ft. long and in each case 25,000 cu. yds.

being handled. In both cases the free straight haul proves more favorable

for the contractor. I have generally found this to be true, as stated by

me in the article referred to above, published nearly 20 years ago.

"The above figures and arguments certainly indicate the importance

of a more careful study of overhaul questions, and consequently the neces-

sity for a very carefully considered wording of the overhaul clause. It

is also further apparent that a contract let on the basis of a preliminary

center line profile w'ithout an overhaul clause would be largely guess-

work on the part of a contractor, and the railroad company would in the

end have to foot the bill.

"I consider, therefore, that the standard recommended specifications

should uphold the feature that it is desirable not to have overhaul, but

that there should be an alternate clause adopted for use under such con-

ditions that render an overhaul provision absolutely necessary.

"In regard to the overhaul rate and limits, I believe in having, so to

sa}', a sliding scale, i. e., several limits and rates. Thus, in general, the

free limit should correspond to the ordinary economical limits of cart or

scraper work ; the next division would correspond to the economical haul

limits with horses and tram cars, while the third limit would apply to

engine service, with a special clause for long engine hauls. I also believe

that a comparatively low free limit is better for the railroad company than

a high free limit."

Mr. McNab (replying to Mr. Berg's written communication) :

—"An

amendment to the Committee's wording of the recommendation was

adopted, viz., the addition of the words 'unless otherwise specified.' and

it is the purpose of the Committee to report further on when such cases

may be actually necessary.

"Originally, it was the Committee's idea that so-termed 'overhaul'
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should be done away with in ordinary railway construction. There is no

doubt but that facts, figures and plans can be so prepared as to generally

obviate the necessity for a condition that too frequently exists today ; and

the special instances where a graduated scale for overhaul would be mu-
tually advantageous in every degree to the contractor and the rail-

way company appear to be very limited in number.

"Letting of work on the basis of preliminary surveys is a custom

which should generally be avoided, for it is an invitation to slipshod

methods on the part of the railway officers, as well as the contractor.

"A forcible argument against overhaul is given in Mr. Berg's discus-

sion, when he quotes the small percentage of technical or practical engi-

neers who appreciate all the conditions that exist in regard to overhaul.

Yet the engineer in charge of the work may be a young man who has

not had the opportunity to fully realize the exact niceties that are re-

quired, if the estimates are to be equitable allowances for work per-

formed.

"Special cases where a graduated scale would be mutually advan-

tageous could be covered by special figures in the judgment of the engineer,

and it is the desire of the Committee that this feature be not settled before

further discussion is obtained."
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]|. ABSTRACT OF CURRENT PRACTICE OF ASSO-

CIATION MEMBERS.

The Committee on Roadway, at its meeting held on December 12,

requested the Secretary to issue a circular to the members of the Associa-

tion, with postal card for response in brief as to practice followed or pre-

ferred in the treatment of overhaul. The following circular of inquiry,

with reply card, was issued by the Secretary under date of December 27,

1905:

"The Committee on Roadway desires an expression from, you as to

your practice relative to paying for overhaul
;
your usual limit of free

haul, and your method of computing overhaul.

"Please indicate on the enclosed blank which of the following meth-

ods, described by Mr. WaUer G. Berg in Vol. 4 of the Proceedings

for 1903, pp. 1 18-124, you prefer:

"(A) All cuts of the section are taken into account, the average

haul of each individual mass determined and the average total haul es-

tablished accordingly. The free haul is deducted from the total average

haul, and the balance represents the overhaul applicable to the total yard-

age of excavation of the section. This method is called the free average

haul applicable to all excavation of the section.

"(B) All cuts the material from which is disposed of within the

free-haul limit are left out of consideration entirely. All other cuts from

which the material, or at least some of the material, is hauled beyond

the free-haul limit are taken into account, the average haul of each

individual mass of same determined and the average total haul estab-

lished accordingly. The free haul is deducted from the average total

haul, and the balance represents the overhaul applicable to the total

yardage of excavation of such cuts only from which the material or some

of the material is hauled beyond the free limit. This method is called

the free average haul, applicable, however, only to cuts with overhauls.

"(C) All cuts the material from which is disposed of within the

free-haul limit are left out of consideration entirely. At all other cuts

the material in the cut required to balance the material in the nearest

fill or fills is determined within the free-haul limit; in other words, a

strip equal to the free-haul limit is cut out of the profile in such a way

that the cut balances the fill within the length of this strip. This

balanced material within the free-haul strip is not taken into account.

All other material that is clearly hauled more than the free-haul limit
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is taken into account, the average haul of each individual mass deter-

mined and the average total haul established accordingly. The free

haul is deducted from the average total haul, and the balance represents

the overhaul applicable to the total yardage of such parts of cuts which

are hauled beyond the free limit. This method is called the free straight

haul, as it eliminates consideration of absolutely all material that is

hauled less than the free limit."

(Postal Card for Reply to Circular.)

NAME OF RAILWAY
(i) What is your practice relative to paying for overhaul—Do you

pay for it ?

(2) What is 3'our usual limit of free haul?

(3) Which of the following methods of computing overhaul do you

use? (Note Mr. Walter G. Berg's discussion, Am. Ry. Eng. &
M. W. Assn. Proceedings, Vol. 4, 1903, pp. 1 18-124. Draw
circle around letter of paragraph describing method used.)

(A)-
(B)-

(C)-
(D)—Describe any other methods used

Replies were received from 124 dififerent members of the Association,

connected with some 75 different roads. The replies in part represented

the practice of the particular roads with which the members are con-

nected, and in part are the personal views of those sending in the cards.

A tabulated digest is given in the following section, Reference "A," and

the results of the canvass are stated in brief form in a note at the foot

of the table.

The discussion of the circular by those responding to the inquiries is

given after the tabulated digest (Reference "B"), the numerals corre-

sponding to those used in the table "A." Unsigned replies have been

omitted in "B."

An index to the names of all those whose statements or writings

are quoted or referred to in this review is given on the pages pre-

ceding this report.
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A. DIGEST OF REPLIES TO CIRCULAR OF INQUIRY RELAT-
ING TO PRACTICE OR PREFERENCE IN COMPUTING

AND PAYING FOR OVERHAUL.

(1

(2

(3

(4

(5

(6

(7

(8

(9

(10
(U
(12
(13
(14
(is;

(16

(17

(18

(19
(20
(21

(22

(23

(24

(25
(26

(27
(28

(20

(30
(31

(32
(33

(34

(35

(36
(37

(38
(39'

(40
(41

(42
(43

(44

(45
(46

(47
(48
(49
(50
(51

(52
(53

(54
(.55

(56

(57

(58

(59

(60

(61

(62
(63

(64

Railway

Atl. >t Birmingham...
Ala. Gt. Sou
Ann Arbor

A. T. AS. F
A. T. cV S. K
A. T. .t S. P
A. T. .t S. F. Coast Line.s
Kaltimore & Ohio
Baltimore & Ohio
Baltimore & Ohio
Baltimore kfe Ohio
Baltimore it Ohio
Baltimore i Ohio
Baltimore & Ohio
Baltimore & Ohio
B. X O. S. W
Bessemer &L. E
Boston & Maine
Buff. A Susq
Canadian Pacific
Central of Ga

Cent, of N. J

Cent, of N. J

Ches. & Ohio

.

C. cfc K. I

C. & E. I

C. A N. W. . .

.

C. B. & Q
C. B. &Q
C. B. &Q
C. B. &Q
C. B. & Q
Chicago Jc...

C. R. I. & P. .

.

C. R. I. & P
C. N. O. &T. P
C. N. O. &T. P
C. C. C. A- St. L
Detroit & Mackinac
Duluth, M. A N
Duluth, S. S. & A
E. J. A E
El Paso A S. W
Erie
Erie
Frank. A Clearfield
Gila Valley, G. A N....
Grand Trunk
Grand Trunk
Grand Trunk Pac
Grand Trunk Pac
Grand Trunk Pac
Halifax & .South W
Illinois Central
Illinois Central
Indianapolis So
Kansas City Belt
K. C. M. &0
Kansas City So
L. S. & M. S
Lake Sup. A Ishp
Lehigh Valley
L. & N
L. & N

Name and Title

.\. Bonnyman, Ch. Eng
.7. ('. Nelson. Div. Eng
O. D. Richards, Ch. Eng.. ..

.las. Uun, Chf. Eng. System
W. B. Storey, Jr., Ch. Eng...
P. M. Bisbee, Div. Eng

T. Fitzgerald, Gen. Mgr
D. 1). Carothers, Ch. Eng...
H. E. Hale. Eng. M W
H. R- Talcott, Eng. Surveys.
O. Rickert. Div. Eng
John Ware, Div. Eng
J. B. Jenkins, Asst. Eng. . ..

E. Stimson, Eng. M. W. ..

H. T. Porter. Ch. Eng
H. Bissell, Ch. Eng
H. C. Landon. Eng. M. W.
W. A. James, Div. Eng. . .

J. C. Gray, Asst. Eng

W. G. Besler, Gen. Mgr.

J. O. Osgood, Ch. Eng
H. Pierce. Eng. of Con
W. S. Dawley, Ch. Eng
R. McCalmah, Div. Eng
C. S. Hall, Eng. Trk. Elev..
T. E. Calvert, Ch. Eng. . .

.

G. H. Bremner, Eng. M. W.
L. P. Goodale, Eng. M. W..
A. W. Newton, Div. Eng..

.

E. P. Weatherly, Res. Eng.

J. B. Berry, Ch. Eng.

K. Shurtleff, Office Enj
M. Waite, Supt

E. Selby. Bridge Eng ....

S. Waterman, Ch Eng. .

A. McGonagle, 1st V. P .

D. Simar, Prin. Asst. Eng

J. Simmons. Gen. Man..
L. Stuart, Ch. Eng
H. Moore, lOng. Gr. Cr. .

.

E. Bissell, 1st .\sst. Eng.
C. Mallard, Supt
H. Fitzhugh, 3rd V. P. .

H. McGuigan, 4th V. P..
C. Dennis, Div. Eng
J. C. Zinck. Asst. Eng...

L. H. Wheaton, Ch. Eng.

S. Blinn, Asst. Eng
M. Walker, Jr., Asst. Eng.
P. Paret, Ch. Eng

Samuel Rockwell, Ch. Eng.
R. C. Young, Ch. Eng
W. G. Berg, Ch. Eng
W. H. Courtenay, Ch. Eng.
J. F. Burns, Roadmaster ..

.

See Card
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DIGEST OF REPLIES—CONTINUED.

Railway

(65) Mexican Central

.

iMexican International.

,

Michigan Central

006)

(107)
108)

(109)

(110)

Midland Vallej-.
Minn. \- Rainy River
Minn. & St. L'
Mo., Kan. & Tex
.\lo. Pac
N. C. it St. L
V. C. .fe St. L
N. C. &St. L
New Orleans it X. E
New Orleans Term
N. Y. N. H & H
N. Y. O. itVV
N'orfolk ct Southern
Norfolli it Western
No. 111. Elect. Ry
Ohio River it Col
OrefTon Short Line
Pacific
Penna. Lines W. of P. ..

Penna. Lines. S. W. Sys..
Penna. Lines, N. W. Sys.
Penna. Lines, N. AV. Sys.
Pennsylvania .".

.

.

Peoria it Pekin Union. .

.

Phila. it Read
Phila. it Read
Phila. it Read
St. L. it .San F
St. L. it .San F
St. L it San F
San F. & N. W
S. F. P. &P
Southern
Southern
Southern Pac
Spokane Tnternat
pokane Internat

Te.\as Midland
( Tidewater (

"I Deepwater {'

Trans-Continental
Union (Memphis)
Union ( Pittsburgh)

Union Pac
Vflndalia
Vandalia .

Wabash
Wis. & Mich
Wisconsin Cent

See Card

Name and Title

Lewis Kingman, Ch. Eng

Rankin Johnson. Asst. Ch. Eng

H. G. Kellev. Ch. Eng
S. B. Fisher. Ch. Eng
H. Rohwer. Cons. Eng
J. W. Thomas. .Jr.. Prest. & Gen. Man
Hunter McDonald, Ch. Eng
I. O. Walker, Asst. Eng

P. G. .Jonah, Ter. Eng
E H. McHenry, 4th V. P
C. E. Knickerbocker, Eng. M. W
F. L. Nicholson. Eng. M. of W..
C.S.Churchill. Ch. Eng
A. M. Shaw. Ch. Eng
Geo. C. Millett. Gen. Supt

C. H. Bvers. Asst. Eng
Thos. R'odd. Ch. Eng
W. C. Cushing, Ch. Eng. M. W
R. Trimble. Ch. Eng. M. W
E. G. Ericson. Prin. Asst. Eng
Joseph T. Richards. Ch. Eng. M. W.

W. Hunter. Ch. Eng
F. S. Stevens, Supt
J. E. Turk. Supt
J. F. Hinckley, Ch. Eug
John V. Hanua, Asst. Eng. M. of W
H. C. Phillips, Ch. Eng.
W. A. Drake
C. H. Ackert, 4ih V. P..

E. B. Cushing. Gen. Supt

.

J. H. Abbott, Br. Eng

L. W. Wells, Ch. Eng

H. Fernstrom, Ch, Eng
D. MacPherson. Asst. Ch. Eng
H. G. Fleming. Prest
E. C. Krown. Eng. M. of W....

J. C. Beye, Res. Eng
F. T. Hatch, Ch. Eng

B.C. Gowen. Ch. Eng.

A. L. Bowman. Con. Eng
W. M. Camp, Editor
O. Chanute, Con. Eng
John H. Fine, Cons, Eng
W. B. Hanlon, Con. Eng
C. Lewis. Civil Eng
Robt. Moore, Con. Eng
F. W. Ranno
G. H. Scribner, Jr., Contract. Eng..

Yes*

Yes*
Yes
Yes
Yes
Yes
Yes*
Yes
Yes
Yes
Yes
No
Yes*
Yes
Yes
No*
No*
Yes
Yes
Yes
Yes
No*
No
No*
No*
No*

No
No
No*
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes*
Yes
No*

Yes
No
No
No
Ves
No*
Yes

( 250m
( (820)

i 150m
I (493)

600
500
300
500
300
200
700
7(0
700

300
500
1000
1000
1600
500
400
500
1000

500

200
200
400
100

1000
1000
400*

600
500

1500

500

ICOO

1000

Yes 800
1000

Yes* 300
No* 500

C

j 500 c
( 1000

Sdmmary of Replies : No overhaul allowed by 37. Overhaul allowed by

73 ; of the latter, 4 prefer Method "A ;" 21, Method "B ;" 54, Method "C ;" and

4 other Methods. Length of free haul : 32 prefer 500 ft. ; 16, 1,000 ft. ; 4,

400 ft. ; 4, 300 ft. ; 3, 700 ft. ; 3, 600 ft. ; 3, 200 ft. ; 2, 100 ft. ; 2, 200-500 ft.

;

2, 200-1,000 ft. ; 2, 500-1,000 ft. ; one each, 150 meters, 250 meters, 800 ft.,

1,500 ft., and 500-1,200 ft.
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B. DISCUSSION OF OVERHAUL IN REPLY TO CIRCULAR.

(The figures prefixed to names correspond to those in the foregoing tabu-
lated abstract "A.")

(i) A. Bonnyman (Atlantic & Birmingham) :

—"We conform to

a great extent to the recommendations of the American Railway
Engineering and Maintenance of Way Association. Probably the

greatest change is in our overhaul clause. We have been working for

several months with these specifications and have found them very satis-

factory to the company and have had very little complaint from the

contractors. I believe that the following would be a better overhaul

clause than that in our specifications

:

" 'The price paid for excavations includes the cost of loosening,

loading and transporting a ma.ximum distance between center of mass
of cut and center of mass of embankment of 600 ft., unloading and

spreading the material. Where the material is required by the engineer

to be hauled more than 600 ft. between the center of mass of excava-

tion and of embankment, the additional price per cubic yard, measured in

place, per 100 ft. haul, in one direction only, provided in the contract,

shall be paid the contractor and shall be measured along line of haul.

In computing overhaul, the free haul of 600 ft. is deducted from the

average total haul, and the balance represents overhaul applicable to

the total yardage of excavation of such cuts only from which material

or some of the material is hauled beyond the free limit. This maximum
haul applies only to the transportation of material by man and horse

power; where it appears expedient to use other motive power for

transporting material, a special agreement will be entered into as to the

length of haul. This clause does not apply to tunnel excavation.'
"

(2) J. C. Nelson (Alabama Great Southern) :

—"Have long since

cut out overhaul."

(3) O. D. Richards (Ann Arbor) :

—"Do not pay for overhaul if

can make other arrangements."

(4) James Dun (Santa Fe System) :

—
"I hand you herewith copy of

our specifications where haul is paid for. The distance of overhaul is

usually from 200 to 500 ft."

"'(Section 7) Haul. All material from excavations which can be

deposited in embankments within hundred ( ) feet shall

be paid for one way only, and without haul. When embankments are

required to be made from borrow-pits, no haul shall be allowed when
the outer edge of the borrow pits is less than hundred ( )

feet from the foot of the slope of the embankment. All material re-

quired to be taken from borrow pits, more than hundred ( )

feet from the bottom of the slope of the embankment shall be paid for

as 'embankment borrowed,' and haul shall be allowed at the contract

rate and for the distance hauled, measured in a direct line at right angles

to center line of road, less ( ) ft. When earth is wasted

in spoil banks from excavations, on top or alongside of said excavations,
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rules similar to the above will apply. The distance of paid haul shall

be determined by computing the distance between centers of bulk and

deducting ( ) ft. therefrom.
' "Whenever by written direction of the Chief Engineer of the

Company earth from excavations is hauled any required distance into

embankments, the material shall be paid for in excavation only and at

the price of 'earth excavation hauled,' and the haul shall be allowed

for the full distance, in a direct line from the place where the earth

is taken out to the place where it is deposited, less ( ) ft.

' "Where no written instructions are given by the Chief Engineer of

the Companj', the estimates of quantities and of haul of earth will be

made in accordance with the latter clause of section 13 of these speci-

fications, and the extreme haul will be such a distance that the contract

price for excavation hauled, plus the haul of earth from wiiere taken to

where deposited, shall equal the price of excavation wasted plus em-

bankment borrowed.
"" 'All rules relative to haul of earth will apply with equal force to

haul of loose or solid rock.

'"'(Section 13) Estimates. On that part of the work where ma-

terial from the excavation is to be put into the embankments, excava-

tions or embankments only will be estimated, the quantity in excess being

paid for. On that part of the work where material is wasted and bor-

rowed, estimates will include both excavation and embankment, subject

to the provisions of section seven (7) of these specifications.

"' 'Excavations may be wasted and embankments borrowed, except

in cases where the Chief Engineer of the Companj- shall direct that exca-

vations be hauled into embankments ; but where material is hauled from

excavation to embankment, it shall onh' be measured and estimated in the

excavation.

" 'In all cases the work will be estimated so as to make the least

cost ; that is, if necessary, earth from excavations will be estimated as

having been hauled regardless of the fact that the contractor may have

preferred to waste the material from the cuts and borrowed the material

for the fills.'

"I also hand you herewith copy of our specifications where no haul

is paid for. In place of haul there is a price paid for embankment

:

(Section 7) H.\ul. No haul will be allowed in estimates under

these specifications, the price paid for embankment being understood not

only to cover the expense of borrowing material for same, but also for

hauling material from excavations to and into the embankments.'

"In heavy work frequently large cuts are encountered, which could

not be hauled into the embankment except by track being laid and

steam shovel and cars used, and the borrow and waste contract is much

to be preferred for that class of work. Furthermore, it is generally

the case that the location is capable of revision after the work is let and

in a manner which may affect the contractor. I. therefore, am in favor

of not paying any haul whatever, but pay for embankment made, however
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done. This gives the contractor the privilege of wasting cuts that he

can Viraste to his advantage, but in doing so he loses the price which

he would receive for the material if it were hauled into embankment,

and must borrow the embankment to be paid for same."

(8) T. Fitzgerald, (9) D. D. Carothers, (10) H. E. Hale, (12) O.

Rickert and (13) John Ware (Baltimore & Ohio) :

—
"Contractors are

notified that their price for excavation must include the haul necessary

to transport same to points designated by the engineer in charge of the

work."

(11) H. R. Talcott (Baltimore & Ohio) :—"Personally, I prefer

method 'A,' where haul is paid, as I consider it the most uniform."

(14) J. B. Jenkins (Baltimore & Ohio) :—"Method 'C preferred to

'A' and 'B,' but not used on B. & O. R. R. ; free haul within each sec-

tion; material within the section to be distributed or deposited according

to instructions of the engineer. Material hauled from one section to

another paid for by (i) the total amount so hauled, multiplied by (2)

the distance from the center of gravity of such material in cut to the

center of gravity in embankment; method similar to 'C in principle;

overhaul often entirely eliminated by form of contract."

(16) E. Stimson (Baltimore & Ohio Southwestern) :—"The price

per cubic yard includes all hauling and transportation of excavated ma-

terials and the depositing of same in such manner and in such places

as engineer directs."

(17) H. T. Porter (Bessemer & Lake Erie) :

—"Formerly paid for

overhaul, with i,oco ft. free-haul limit and method 'C Now let all

work as unclassified excavation, price to include haul, grubbing and clear-

ing, etc. This leaves only the measurement of excavation to be dis-

puted, which can be verified."

(18) H. Bissell (Boston & Maine) :—"We have no definite rules

regarding overhaul of material, as conditions are so variable that general

rules are often not applicable."

(20) W. A. James (Canadian Pacific) :

—"Also use H. P. Gil-

lette's method as given in McHenry's 'Railway Location and Construction,'

which gives same results as 'C "

(21) J. C. Gray (Central of Georgia):
—"Personally I do not believe

in overhaul payment and necessary calculations which devolve on the

construction party. I believe in an intelligent profile being furnished

the contractors, so all can bid a flat price. By intelligent profile I mean

one that, by figures and arrows, shows the amount of cut, waste, borrow

and disposition of same within 100 ft. of exact distance of haul."

(23) J. O. Osgood (Central of New Jersey) :

—"The custom of this

road has ordinarily been not to make any provision for overhaul, but

to have this included by the contractor in his price per cubic yard. My
preferred practice elsewhere has been to have a price named for exca-

vation which included placing in embankment within a distance vary-

ing from 200 to 1,000 ft. without overhaul, the distance being deter-
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mined to suit the charactei" of the work, whether scraper or wagon work,

and overhaul paid only on the material hauled more than the distance

specified, but paid on the total distance hauled. This would agree closely

with method 'C of Mr. Berg's outline, excepting that I have usually

preferred to have the payment for overhaul apply for the whole distance

from the point of excavation to the point of depositing the material.

My idea in this has been that the limit of free haul should be suited

to the ordinary process available in the particular piece of work. If

considerable of the work were to be done by scrapers and the rest by

teams, I have used a limit of 200 ft., having in mind that within this

limit scrapers would be used, and beyond it some process requiring other

appliances, carts, wagons, etc. Where there was considerable of this

second class of work I have thought it advisable to have a second excava-

tion price for material to be handled beyond 200 ft., with a separate

price named for haul, usually i ct. per cu. yd. per 100 ft., applicable

to this cart or wagon work and calculated for the whole distance from

point of excavation. In case of heavier work where carts would be used,

the limit of free haul might be fixed at 1,000 ft. or at such distance as

would call for a change in the manner of transporting the material.

My idea of the principle to be followed in fixing the limit of free haul

is to have the free haul cover the ordinary case and the overhaul apply

only to the material which must be handled by other appliances and at

different cost. My object throughout has been to make the unit prices fit

any ordinary variation of conditions which might arise during construc-

tion, so that changes of grades or lines would not involve hardship or

injustice on the company or contractor."

(25) W. S. Dawley (Chicago & Eastern Illinois):—"Yes and no;

500 ft. when used. The method of eliminating all material actually moved

less than free-haul limit has always been used by me."

(28) T. E. Calvert (Chicago, Burlington & Quincy) :

—"Because of

the many rules applied, there is probably no one thing connected with

grading which is so frequently misunderstood by the average small

contractor as the question of overhaul, and a generally applied rule,

fair alike to both contracting parties, is very much to be desired. Such

a rule should be based on the theory that a certain price for earth

and for overhaul would each represent at least approximately a certain

unit of work, regardless of the method of execution.

"Mr. Berg's statement, as outlined in method 'C,' conforms generally

to my views for work, fairly well balanced between excavation and

embankment. The haul clause used in this company's contract in con-

nection with such work where earth must generally be hauled is

:

" 'No material will be paid for twice ; that is to say, both in exca-

vation and embankment. No allowance shall be made for hauling unless

the distance shall exceed 500 ft. A cubic yard of earth hauled 100 ft.

in excess of 500 ft. shall constitute a cubic yard of overhaul. In deter-

mining overhaul, the distance shall be measured from the centers of grav-

ity of remaining cut and fill after free-haul yardage is deducted.'



430 ROADWAY.

"This leaves limit of haul to depend on the free haul plus the price

l)cr yard, divided by the price per culjic yard of overhaul. Haul is

limited by bridge openings, but railroad reserves right at its expense to

build a bridge and extend haul as though no bridge existed. Estimates

are all made on basis of earth being hauled to limit, whether hauled or

borrowed and wasted. This gives us for a price bid not considering

that within the 500-ft. free haul and its transportation for an average

of 500 ft. free. The unit of haul is definitely fixed for the price bid.

On heavy steam shovel work bids can be intelligently made with earth-

work price to include all haul."

(29) G. H. Bremner (Chicago, Burlington & Quincy) :

—"Pays for

overhaul in team work, 500-ft. free-haul limit ; computes overhaul by

method 'B' usually, and by method 'C occasionally."

(31) A. W. Newton (Chicago, Burlington & Quincy) :

—"Yes and

no. Overhaul is a very great mystery to the average contractor, and

the more simple the method the less liability of conflict of opinion

and estimate. That is why I prefer 'A.' We make a flat price, using

excavation for filling where possible."

(22) E. P. Weatherly (Chicago, Burlington & Quincy) :

—"No

overhaul, as a rule."

(34) J. B. Berry (Chicago, Rock Island & Pacific) :

—
"Yes, if

agreed to in the contract length of free haul depends on the work,

from 500 to 1,200 ft. extreme limit. Cut out the cuts and fills within

the free extreme limit of haul, and only deal with the balance of aver-

age overhaul."

(35) A. K. Shurtleff (Chicago, Rock Island & Pacific) :—"The

Rock Island will use method 'C wherever overhaul is paid for. Where

possible to get prices favorable we may eliminate overhaul from the

contract. Method 'C is the only just method, in my opinion."

(36) H. M. Waite (Cincinnati, New Orleans & Texas Pacific) :

—

"Use 'B' on long section of several miles. Use 'A' on short section of

a mile or less.

(38) O. E. Selby (Cleveland, Cincinnati, Chicago & St. Louis) :

—

"This road allows no overhaul. My own preference where haul is to

be computed and paid for is to use free-haul limit of 500 ft. for team

work and one mile for train."

(39) H. S. Waterman (Detroit & Mackinac) :

—
"Contract work has

been done on a percentage basis for the past seven years. By competent

inspectors we get very good results."

(44) Francis Lee Stuart (Erie):—"If T found it necessary to use

any I would use 'A' only. For the last eight years I do not now recol-

lect more than one or two contracts under my charge with an overhaul

clause in them."

(48) E. H. Fitzhugh (Grand Trunk) :—"I beg to say that, of the

three methods described in your letter, we consider the second—that indi-

cated by the letter 'B'—to be the best, it being the one which we always
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adopted when we had occasion to deal with overhaul, but there was

usually so much trouble and dispute about the determination of the

extra haul that, in our recent contracts, this question has been entirelj'

eliminated, no allowance whatever being made on account of overhaul,

and the contractors, knowing this, grade their prices accordingly. Before

we eliminated the question of overhaul from our contract, our practice

in estimating overhaul of earthwork was to determine the centers of

gravity of the excavation to be taken out and of the fill to be made
up from it. If the distance was in excess of the haul limit provided for

in the specifications, an extra allowance was made on account of this

excess, for the whole quantity of material taken out of the excavation

and deposited in the embankment. For instance, if the limit of haul

were fixed at 6co ft. and the distance apart of the centers of gravity of

the excavation and of the embankment did not exceed the specified limit

of 600 ft., no extra haul would be allowed, but if the centers of

gravit}' were greater than that distance apart—say 700 ft.—then an extra

haul of ICO ft. would be allowed for the total quantity taken out of the

excavation and placed in embankment.''

(49) F. H. ]McGuigan (Grand Trunk) :—-"Our 'General Specifica-

tions for Clearing, Earthwork, Etc.,' provides in Clause ig that 'there

shall be no allowance for extra haul of excavated material whatever

may be the distance this material is drawn, whether by train or team.'
"

(56) R. S. Blinn (Indianapolis Southern) ;

—"Use same as method

'C,' except that all cuts within an economical haul limit are figured

into an average haul. Several cuts may thus enter into an individual

mass. For instance, where the price is 20 cts. per cu. yd. and the free

haul is 500 ft., and the price for overhaul is I ct. per equivalent yard, I

take into account all masses in cuts hauled to a balanced mass in fills

within a district or section whose limits are determined by 2,500 ft.

between the centers of gravity of such masses (the free-haul distances,

however, being first eliminated), 2,500 ft. being an economical haul,

since 2,500 ft. minus 500 ft. equals the price of borrow in this case.

This is a free straight haul up to the limit where it would be more eco-

nomical to borrow^ than to haul.''

(57) George Isl. Walker, Jr. (Kansas City Belt) :

—"We have done

very little grading the past 10 years. What has been done has first

been cross-sectioned and the average haul between the center of gravity

of cut and fill calculated, and contractors asked to bid on that individual

piece of w'ork."

(58) M". P. Paret (Kansas City, :Mexico & Orient) :—"Each cut

and its adjoining fills are considered separately. The total haul is figured

from the center of mass in excavation to the center" of mass of the same

material in the fill. The overhaul allowed is the total haul minus the

free haul. All cuts in which the distance from the center of mass in

excavation to the center of mass in the fill is less than the free haul are

left out of consideration. The price paid for overhaul is i ct. per yard

per TOO ft."
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(6i) R. C. Young (Lake Superior & Ishpeniing) :—"On prairie

work I am in favor of 500 ft. free haul computed by method 'C "

(62) Walter G. Berg (Lehigh Valley) :—"Usually no overhaul al-

lowed. Specifications : 'No overhaul, unless otherwise provided.'

Method 'C is the correct method to correspond with the general intent

of an overhaul clause, but 'B' is more often used and easier for calcula-

tions."

(63) W. H. Courtenay (Louisville & Nashville) :

—
"I prefer method

'B.' The L. & N. practice is to consider the haul for each cut sep-

arately. Short haul from one cut is not used to offset long haul from

another cut. We have an average free haul of 500 ft."

(64) J. F. Burns (Louisville & Nashville) :

—
"Prefer 'C,' indi-

vidually."

(65) Lewis Kingman (Mexican Central) :

—"We ask bidders to

name prices including haul within 250 meters on earth. We ask for

two prices; first, within 40 meters, and second, within 250 meters. All

other material is subject to 250-meter haul at the price named."

(66) Rankin Johnson (Mexican International) :—-"Sometimes pay

for overhaul ; length of free haul, about 150 meters. Do not think over-

haul should be paid for except in very rough country. See enclosed

specifications, paragraphs 8 to 18, inclusive.

"'(8) When quantities for graduation are measured in embank-
ment and estimated as excavated they shall be reduced by the following

percentages, which are allowed for swell : For conimon material, . .

per cent.; for loose rock, .. per cent.; for solid rock, .. per cent. This
does not include drag-scraper-made embankments.

" 'Hauling Material. (9) The rate per cubic meter for solid

rock includes moving such material a distance not to exceed twenty-five
meters from point of excavation to grade point of natural ground shown
on profile, or to toe of slope of embankment, plus any necessary distance

along made embankment.
"'(10) The rate per cubic meter for solid rock hauled includes

moving such material between limits of twenty-five and seventy-five

meters from point of excavation to grade point of natural ground
shown on profile, or to toe of slope of embankment, plus any necessary

distance along made embankment.
"'(11) The rate per cubic meter for loose rock includes moving

such material a distance not to exceed twenty-five meters from point

of excavation to grade point of natural ground shown on profile, or to

toe of slope of embankment, plus any necessary distance along made
embankment.

"'(12) The rate per cubic meter for loose rock hauled includes

moving such material between limits of twenty-five and seventy-five

meters from point of excavation to grade point of natural ground shown

on profile, or to toe of slope of embankment, plus any necessary dis-

tance along made embankment.
"'(13) The rate per cubic meter for common material includes

moving such material a distance not to exceed thirty meters from point
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of excavation to grade point of natural ground shown on profile, or

to toe of slope of embankment, plus any necessary distance along made

embankment.

"'(14) The rate per cubic meter for common material hauled

includes moving such material between limits of thirty and three hun-

dred meters from point of excavation to grade point of natural ground

shown on profile, or to toe of slope of embankment, plus necessary

distance along made embankment.
'"(15) The length of paid haul shall be determined as follows:

"'(a) Compute the quantities in excavation which shall have been

moved into embankment under free-haul clauses.

" '(b) Increase these quantities by the percentages for swell as

indicated in paragraph No. 8, and calculate the length along grade line

of embankment which these quantities will complete.

"'(c) Compute distance along the grade line from center of grav-

ity of the remaining excavation, which will be required to complete em-

bankment, to center of gravity of remaining embankment. This distance

will be the length of paid haul for the number of cubic meters m the

remaining required excavation.

"'(16) The object of specifying the hauling of material as shown

is to enable the engineer to calculate quantities governed by the

specified rates before grading is completed and without possibility of

disagreements.

"'(17) The haul shall not be limited by any bridge or opening

across or around which a reasonable load can be moved.

"'(18) Embankments shall be commenced full width at the bot-

tom, keeping the sides at all times as high as the center, and thus be

carried up, until finished, in layers of not over one meter.'
"

(71) S. B. Fisher (Missouri, Kansas & Texas) :—"Bruckner's 'Pro-

file of Quantities," described in Engineering News 'Field Book.' All

material is taken into account excepting cut and fill within limit of

station. Centers of gravity of consecutive stations are found.

(72) H. Rohwer (Missouri Pacific System) :—^"Overhaul allowed

in cuts, from point of gravity (in cut) of material moved to point of

gravity (in fill), where deposited. In dealing with material borrowed

from pits, overhaul allowed on one-half the entire distance the team

must travel, less distance described as 'free haul.' Referring to the

clause of 'overhaul' to be presented to the Association, I notice it

treats only of overhaul on material from cuts. Mr. Walter G. Berg

in his definition of overhaul dwells likewise on this particular instance.

But what about overhaul on material borrowed on the side? When a

high fill is being made from material borrowed from the side, it

becomes necessary that runways be constructed by the contractor,

which runways constitute the limit line of travel of team. To deliver

the material on the fill the team has to make the whole round. It

is, therefore, not fair to measure the direct distance between the point

of gravity of the borrow pit and that of the embankment as constituting

the haul. It should be measured as the team travels, making the over-
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haul on all material thus moved be equal to one-half the whole round

minus 'free haul,' equal to the distance in feet, for whicli payment

should be rendered."

{•]•]) F. G. Jonah (New Orleans Ternnnal) :—"I use the method

of plotting on the profile as described in MoHtor and Beard's 'Manual for

Resident Engineers.'
"

(80) F. L. Nicholson (Norfolk & Southern) :—"Grading in this

section is very liglit, .short hauls and shovel work, and casting up from

ditches. No overhaul allowed. I believe 1,000 ft. free haul to be fair.

For calculation I prefer method 'B.'
"

(81) C. S. Churchill (Norfolk & Western) :—"We let very few

contracts where overhaul is paid extra. While we have a clause in

our standard contract that describes the method of computing overhaul,

we do not have in the list of prices the specific term 'overhaul,' and, as

stated above, very little of our work is done under the plan that we

shall pay extra for overhaul. We h.-^.ve in the last two months awarded

contracts that had an overhaul of al)out V/i miles, but we pay nothing

for this overhaul. Our usual limit for free haul is 1,600 ft.; that is,

the description given in our haul clause. Our method of computing

overhaul is that described as method 'C "'

(83) Geo. C. Millet (Ohio River & Cclumbus) :—"I have used what

is practically method 'A' by plotting quantities on profile."

(86) Thos. Rodd (Pennsylvania Lines West of Pittsburg) :

—

"We pay one price without classification or overhaul. Contractors de-

termine this from close inspection of work and profile."

(88) R. Trimble (Pennsylvania Lines West of Pittsburgh) :

—"We
pay one price without classification or overhaul."

(89) E. G. Ericson (Pennsylvania Lines West of Pittsburgh) :

—

"Our practice is to not pay for any overhaul, and we make this clear in

our specifications."

(90) Jos. T. Richards (Pennsylvania Railroad) :

—
"Contracts for

earthwork are usually awarded without any regard being paid to

length of haul or without any regard to classification."

(94) J. E. Turk (Philadelphia & Reading) :

—"We do not allow

for any extra overhaul on P. & R. Railway. Personally. I favor method

'A,' with 600 ft. overhaul."

(95) J- F- Hinckley (St, Louis & San Francisco) :

—"Do not pay

for overhaul
;
pay both ways ; would prefer method 'C "

(96) John V. Hanna (St. Louis & San Francisco) :

—"Our specifi-

cations call for a calculation of overhaul taking the distance between

centers of gra\ity on a given cut or portion of a cut and a fill or

portion of a fill, into which it is hauled, deducting the free haul. We
would leave out of account all cuts where the distance between cen-

ter of gravity of cut and center (/f gravity of fill would be less than

the free-haul distance. Our method, I should say, is very similar to

method 'B' of the circular, except that we do not calculate the average
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Iiaul. For instance, if we have a quantity of 500 yds. hauled 700 ft.,

we figure this as 3,500 yds. hauled 100 ft. and pay accordingly. We
figure up the total of figures thus obtained and this forms the basis for

vouchers. This amounts to the same thing in the end as figuring the

average haul and then multiplying the total yardage hauled by the price

for the average haul, but there is one less process of computation in our

method."

(99) W. A. Drake (Santa Fe, Prescott & Phcenix) :—"Deduct the

cubic yards which balance and make 100 ft. of roadway; pay for total

average distance haul on balance of excavation."

(102) E. B. Gushing (Southern Pacific):
—"There is no free haul

in our general specifications, as our line extends through a prairie

country and through swamps in which no material is hauled. In

special cases we have 400 ft. free haul and pay 2 cts. per cu. yd. per

100 ft., between 400 and 1,000 ft. being a maximum haul."

(105) L. W. Wells (Texas Midland) :

—"My method is to deter-

mine the center of gravity of the masses beyond points where free haul

balances and the distance between center of gravity less free-haul

distance is the haul paid for."

(106) H. Fernstrom (Tidewater and Deepwater) :
—"Steam shovel

work is paid for at a fixed price, for a haul not exceeding tw^o miles,

and .at another fixed price per cubic yard for haul not exceeding three

miles."

(107) D. ]\[acPherson (Transcontinental Railway) :

—
"I send you

print of a diagram and description of our method of estimating over-

haul which you will see is a method described by Mr. T. S. Russell

in the Engineering News, and Mr. Russell gives the credit for

it to Mr. R. P. Bruer." (See "Review of Literature," where Mr. Rus-

sell's method is given in full.)

(108) H. G. Fleming (Union of ^Memphis) :

—
"In our specification

on contract work w^e use a limit of 500 ft. for free haul, and have been

computing overh"ul on the basis of method 'G,' as given in your letter,

but it is our intention on futi:re work to use method 'A.'
"

(1C9) E. C. Brown (Union R. R. of Pa.) :

—
"Prefer Mr. Berg's

third n.cthod, and have used substantially the same."

(118) Octave Ghanute (Gonsulting Engineer) :— (See historical

statement by Mr. Ghanute concerning ep.rly .\merican practice in intro-

duction to "Review of Literature.")

(120) W. B. Hanlon (Gonsulting Engineer) :

—"Do not pay for

overhaul as a rule."

(121) G. Lewis (Givil Engineer) :

—"My choice would be, on

work thoroughly surveyed in advance, to give bidders full informa-

tion regarding location of cuts and where material was to be used, and

then make no allowance for overhaul ; bids for excavations to include

disposal of material as per plans and profile. On plans less thoroughly

prepared would prefer method 'C.'

"
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(123) 'F. W. Ranno (Civil Engineer) :

—"Do not ordinarily pay

for overhaul ; method 'B' preferred ; average haul determined according

to 'B' and flat rate established on that basis. No overhaul then goes

into estimates."

III. CONCLUSION.

In view of the foregoing presentation of the subject, your Com-

mittee does not deem it advisable to "present an overhaul clause for use

as an optional alternate clause for clause No. 48 of Specifications for

the Formation of the Roadway, defining not only the manner of pay-

ment, but also method of computing overhaul," but respectfully suggest

that the question be considered by the Association.

Your Committee would respectfully report progress on "report on

methods of conducting the practical work in connection with revising

and improving existing lines."

Bulletin No. 66, August, 1905, included our final report on Glos-

sary of Terms, and we would respectfully recommend that the definitions

be printed in the Manual of Recommended Practice.

Respectfully submitted,
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R. C. Young, Chief Engineer, Lake Superior &; Ishpeming Railway, Mar-

quette, Mich. Committee.



DISCUSSION.

Mr. H. J. Slifer (Contracting Engineer) :—Since reaching Chicago,

this Committee has been accused of endeavoring to disrupt the Asso-

ciation by tlirowing the overhaul clause back into the convention for

action. We plead "Not guilty." For the past three years we have

been endeavoring to reach some conclusion which could be submitted

to the Association and which everybody would approve, but by reading the

report this year you will notice we are further from getting anything

unanimous on this subject than we have ever been, and the Committee

thought it wise to allow the Association to determine between the three

methods, which have been named A, B and C—which of the three

methods of figuring overhaul shall be considered by the Committee,

after which decision the Committee will be prepared to submit an overhaul

clause to suit the method agreed to. The glossary of terms can probably

be passed, and the Committee would suggest that it be considered now
and that the overhaul clause be brought up later.

The President :—The chair announced at the opening of the conven-

tion that in order to save time all definitions of terms would be excluded

from discussion except by letter. Any exception taken to a definition

should be made in writing to the chairman of the Committee. If an

agreement is not reached, the matter will be brought before the Associa-

tion by letter-ballot during the year.

In order to start discussion on this report, the chairman of the Com-
mittee desires the members to express their views on the three methods

of overhaul, described as methods A, B and C. There is such a wide

variance of practice on this question of overhaul that a ful\ and free

discussion is necessary. The Committee has outlined in methods A, B and

C the three types of procedure which have been brought to their attention

through correspondence with many engineers.

Mr. Slifer :—I do not suppose it is necessary to call attention to

the fact that the Association is on record against the overhaul proposi-

tion as a part of our specifications. The only question iiow is to submit

an alternate clause for such railroads as desire to pay for overhaul.

Prof. C. Frank Allen (Massachusetts Institute of Technology) :—It

is a somewhat interesting fact that, although the Association is on record

against any overhaul clause, the returns to the circular of the Committee

show that T2, roads use the overhaul clause and Zl f'o not. It is rather

doubtful, taking the two facts into consideration, as to what the real

sentiment of t];e Asociation is, or what it would be if the matter was

443
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submitted to tlie members by letter-ballot instead of to a verbal vote

of those present at one of our meetings.

Prof. W. D. Pence (Purdue University; :—Pi would depend on condi-

tions entirely. Chiefly in the East, on the older lines, the payment of

overhaul has gone into disuse. It prevails almost exclusively through the

West and South.

Prof. Allen:—I ask, if Prof. Pence has the information, whether

the line of cleavage is substantially that indicated by Mr. Gushing in his

discussion—those roads that were widening track and carrying on work

on established lines l^eing on one side, and those who v;ere doing a

good deal of new work being on the other side?

Prof. Pence:— I think there is some distinction sv.ch as that which

can be applied. I have not worked out the statistics along that line,

however.

The President :—According to the summary of the replies from

various engineers to wb.om requests for information were forwarded 1)y

the Conunittee, appearing on page 159 of the report, it seems that no

replies were received; 37 allowed no overhaul, and 73 allowed overhaul.

Of this latter n.umb-er, four preferred method A; 2T method B; 54

method C, and 4 other methods. It shows the variance of practice

and opinion on this subject, with the majority in favor of the method

alloVv'cd under C.

Prof. Allen:—Tn view of the facts presented in this summary, and

in order to bring something definitely before the Association, I would

move that the Connnittee on Roadway be requested to bring in a specifi-

cation next year in harmony with method C, as suggested in. Mr.

Berg's discussion.

The President :—The chairman of the Committee states that they

have already prepared a clause under method C. It was not printed, but

the Committee is prepared to read it to the Association while discussion

is in order.

M'r. Slifer :—The clause which we have prepared is as follows :

"No payment will be made for hauling material when the length

of haul does not exceed the limit of free haul which shall be feet.

"The limits of free haul shall be determined by fixing on the profile

two points, one on each side of the neutral grade point, one in excavation

and the other in embankment, such that the distance betv.'een them equals

the specified free haul limit and the included quantities of excavation

and enibankinent balance. All haul on material beyond this free-haul limit

will be estimated and paid for on the basis of the following method I'f

computation, \\/.. :

"All material within this limit of free-haul will be eliminated from

further consideration.

"The distance between the center of grr.vity of the remaining mass

of excavation and center of gravity of the resulting embankment, less

the limit nf free haul as above described, shall be the length of overhaul,
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and the compensation to be rendered therefor will be determined by

nuiitiplyirg the jardage in the remaining mass as above described, by

I lie length of the ovcrhanl. Payment for the same will be by units of one

cubic yard hauled one hundred feet.

"When material is obtained from borrow pits along the embank-

ment and runways are constructed, the haul shall be determined by the

distance the team necessarily travels. The overhaul on material thus

liauled shall be determined by multiplying the yardage so hauled by one-

half the round distance made by the team less the free haul distance.

The runways will be established by the engineer."

Prof. Allen :—I would like to withdraw my previous motion, with

the consent of the second, and move that the clause read by Mr. Slifer

be adopted by the Association.

The President:—The motion by Prof. Allen is that the clause on

overhaul recommended by the Committee, just read by the chairman, be

adopted by the Association.

Mr. Geo. H. Bremner (Chicago, Burlington & Quincy) :—Do I under-

stand that this is recommended by the Committee?

The President:— It is presented by the Committee.

Mr. Bremner :—I do not under.stand that the Committee recommends

this. Before we vote on it I would call attention to the fact that the

Committee submitted for adoption, in preference to that, method B in

the conclusions on page 74. This was not adopted by the Committee nor

rcconmiended by them, but the conclusion which the Committee reached,

if I remember rightly, was that in their opinion method B was preferable

to method C, in the minds of a majority of the members who were

present at that meeting. ^Method C is probably in use on more railroads

in the country than method B, but the opinion of the whole Association

was that overhaul, as a rule, should be eliminated wherever it was possi-

ble. If that is the case, then in establishing a method of computing

overhaul, it vvould seem that the next step for the Association to take

v.-ould be to adopt as simple a method for computing overhaul as could

be devised, and we could probably not adopt a simpler method than the

method B—from the center of gravity of the cut to the center of gravity

of the equivalent fill. If the A.ssociation can devise some plan which will

be adopted all over the country, it will certainly eliminate m_3ny difficulties

both to the contractor and the engineer, and it is hardly material which

method is adopted, so long as it is a method thoroughly understood

l)y both parties, and therefore method B being somewhat simpler than

method C. I would be in favor of adopting it.

Mr. Slifer:—We do not like to have the Committee divided in opinion

when it comes before the Association, but its members for the last two
or three years have been discussing this subject without result. At a

former meeting of the Committee, at which there were only three mem-
bers present, it was decided to send out plan B to the Committee for

consideration and to submit it to the Association for adoption. Later,
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when we received replies from 134 railroads, some of us changed our

mind and thought possibly plan C was the proper one to adopt. At a

meeting of the Committee held this morning, at which I believe all

members were present except Mr. Bremner and M'r. B?rnard, we dis-

cussed the subject and concluded that method C might be the most

acceptable to the Association, and we therefore drew up this alternate

clause which we have presented.

The President:—The Proceedings of the Association show that we

are on record against the overhaul clause, that no overhaul clause had

been presented up to last year that could be adopted, and the Committee

was therefore instructed to present at this meeting an alternate clause

covering the question of overhaul and if the clause was adopted, to

state the method of computation. The specifications for construction of

roadway were adopted, in which no overhaul was permitted, and an over-

haul clause was to come in as an alternate clause, with one or the other

stricken one in each particular contract.

Mr. Slifer:—I think the chair is mistaken. The Association has cer-

tainly gone on record on no less than two different occasions against an

overhaul class, and the specification presented last year were presented

with clause 48-A and 48-B. At that time 48-A was adopted elimmating

all overhaul. Two years previous to that time, the Association went on

record against overhaul. We have been asked by the Association to sub-

mit this alternate clause for the use of such members as may desire

to pay for overhaul.

The President :—The chair was mistaken in presenting the action

of the Association last year. The chair will read precisely what was done

:

"The President :—^Mr. Berg's motion is that the original clause on

overhaul be substituted for clauses 48-A and 48-B. The original clause

reads as follows : 'Unless otherwise specified, it is distinctly understood

that the contract price per cubic yard covers any haul found necessary

and that there will be no allowance for any so-termed overhaul.'

"The President:—That means that 48-A and 48-B are rejected, at

least for the present." The instructions to the Committee this year were

to present an alternate clause on overhaul for the consideration of the

Association. Is there any discussion upon Prof Allen's motion, that this

clause be adopted?

Mr. Robert Moore (Consulting Engineer) :— It might be well, in

view of the fact that the tendency of the letters is to differ widely from

the vote of the members at the meeting, that this be referred to letter-

ballot—the \Vliole Association should be entitled to vote on so important

a matter. I make that as an amendment to the motion.

(The amendment was carried.)

The President :—The vote recurs on the original motion of Prof.

Allen, that the clause presented by the Committee be adopted by the Asso-

ciation and referred to Ihe members for vote by letter-ballot.

(The motion was carried.)
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Mr. Slifer :—It migfit be well to have it distinctly understood that

tlie letter-ballot will be for or against the particular clause, and not on the

question of which method shall be adopted. If yon go back to the method,

you will go back to the same thing we have been over for the last three

years.

The President :—The motion carries with it the clause you have

presented.

The chair desires to call attention of the members to the excellent

compilation of the Roadway report prepared by Prof. Pence.

Prof. Allen :—I would like to ask if such matters have been submitted

to letter-ballot by this Association previously ?

The President:—The chair does not recall an action of that kind.

Prof. Allen :—Touching the method of procedure, I suggest that the

Board of Direction m^ke a brief summary of the arguments in favor of

and against the motion. That is often done in the American Society

of Civil Engineers, and it will add something to the understanding of the

members who are called upon to vote on the matter. The suggestion is

that the Board of Direction in its wisdom make a brief summary of

what it considers the points of special interest touching this matter, for the

assistance of the members who are to vote for or against the proposition.

Mr. Bremner :— I understand this eliminates method B entirely.

The President:—Simply to place before the members the exact ques-

tion confronting the Association; in other words, they will not be asked

to vote for or against a single paragraph on overhaul, but would have the

various reasons for and against the different methods under plan C pre-

sented to them. That I understand to be your idea, Prof. Allen?

Prof. Allen:—Yes.

The President:—In continuation of what the chair was about to say,

commencing on page 85, the members will find a review of literature on

overhaul prepared by Prof. Pence, which is a valuable addition to the

literature of this Association. It brings in many features of earthwork

that are not universally known—but little known, probably—but which

are extremely valuable to an engineer in the field. The method of mass

curve and disposition of material is well worked out.

Mr. A. S. Baldwin (Illinois Central) :—I would be glad if the Com-
mittee would consider and give us their views or have some discussion

now of the advisability, instead of calling for bids under the ordinary

specifications, of having the free haul computed for the various bids that

are based on overhaul, and furnishing the contractor, in calling for bids,

a statement of what method would be used in calculating overhaul, and

then specify the amount that would be paid for overhaul. That really

mak^s very little difference to the contractor, providing he knows what

he has to bid on, and would greatly simplify the computations where a

large number of bids are to be put in.

There is another feature I would like to get some information about

from the Association, and that is, in specifying a price for overhaul, of
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naming certain limits within which a certain price would be paid, that is,

liaving different limits for different prices. There is a great deal of con-

venience in the mcth'ul of eliminating overhaul. It saves the engineer

a great deal of trouble. At the same time it is liable to give trouble

where changes come in. I ha\e met that in a measure by stating in the

specifications what percentage of changes would be allowed without

extra compensation to the contractor. He bids with a certain understand-

mg that a change in quantities from lO to 20 per cent, as specified in the

call for bids can be made by the engineer without any increase or decrease

in cost. However, I believe that work could be facilitated very much

if we have certain limits, say up to 500 feet, and a certain price, the

object being to give the contractor a definite basis on which to work, and

at the same time simplify the computation. The great amount of grade

reduction work, and the large amount of low-grade line that is being

constructed has changed the question of overhaul to a verv considerable

extent. Under an ordinary overhaul basis, on a low-grade line, you

will get a great many hauls in which you will have to waste your

material entirely, and at the same time the contractor, on account of the

character of i)lant he has, could well afford to haul that material into

}our fill. As it is now, with the ordinary equipment, the contractor

on very long hauls and steam shovel work, has merely an additional loco-

motive and train to put on, which makes very little addition to the actual

cost. If the Committee would consider that feauture and discuss it and

make some suggestions, I believe it would aid materially to simplifying

roadway construction. I would be glad to hear some expression of

opinion from the gentlemen present, if any have attempted such method

or consider it practicable.

Mr. A. M. Shaw (Civil Engineer) :—Might it not be better to classify

the different lengths of hauls i^y the method employed in doing the work?

Instead of classifying by 500 feet, 1,000 and 1,500 feet hauls, specify

scraper, wagon and steam-shovel work. We might have an extreme haul,

in which it would not be possible to do the work with a steam shovel.

For such work the contractor should receive a higher rate of overhaul.

Mr. Baldwin:—The objection that I woulci see to Mr. Shaw's sugges-

tion is that the contractor will not necessarily use the particular plant

that you might specify. It may be more economical to him to use a plant

that would not be the cheapest plant for a particular place, jusc because

lie happens to have that plant on hand. Contractors differ a great deal

a.s to what is the most economical niethcd on certain cuts. Some will say

a certain piece of work is not a steam-shovel job—that it is a team job.

So in considering that I have concluded that the only safe way to handle

It would be to name certain limits of actual distances and leave -it to

the contractor to use any method he saw fit.

Mr. Slifer:—I thmk you will iiavc to consider the overhaul on the

basis of team haul and also on the basis of steam-shovel haul, and each

should be considered separately.
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Mr. Shaw:—You have, for instance, an intermediate wagon haul and
other methods of work may come up. I think we should have three dis-

tances on which prices are specified.

The President :—If there are no further suggestions to the Com-
mittee, they will be relieved, with the thanks of the Association.

2d





REPORT OF CO.AIAIITTEE NO IX.—ON SIGNS,

FENCES, CROSSINGS AND CATTLE-GUARDS.

To the Members of the American Raikcay Engineering and Maintenance

of Way Association:

The instructions given your Committee by the Board of Direction,

namely, to submit specifications for fences, with marginal index ; to

report on galvanizing wire, and on the breaking strength of wire, and

to resubmit the additional definitions published in Bulletin No. 60, have

been complied with, and the Committee presents herewith the results of

its labors for your consideration and approval.

*SPEClFrCATIOXS FOR STANDARD RIGHT-OF-WAY FENCES.

1. Three classes of smooth wire fences may be used, the top wire

of each to be 4 ft. 6 in. above the ground.

2. First-class fences shall consist of nine longitudinal, smooth,

coiled, galvanized steel wires; the top and bottom wires shall be No.

7 gage; intermediate and stay wires shall be No. 9 gage.

The spacing of the longitudinal wires shall be, commencing at the

bottom: 3, 4, 5, 6, 7, 8, 9 and 9 in. The bottom wire shall be

3 in. above the ground, and the stay wires shall be spaced 12 in. apart.

3. Second-class fences shall consist of seven longitudinal, smooth,

coiled, galvanized steel wires ; the longitudinal wires and stay wires

shall be No. 9 gage.

"The spacing of the longitudinal wires shall be, commencing at the

bottom, 5, 61/2, 754, 9, ID and 10 in. The bottom wire shall be 6 in. above

the ground, and the stay wires shall be spaced 22 in. apart.

4. Third-class fences shall consist of four longitudinal, smooth,

coiled, galvanized steel wires; the longitudinal and stay wires shall be

No. 9 gage.

*See amendment, page 458.

tWhen desirable lx2-in. wooden stays, stood on the ground and interlaced
between the longitudinal wires, may be used, spaced 6 to 8 ft. apart, in place
of or in addition to the stay wires.
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The longitudinal wires shall be spaced 14 in. apart ; the bottom

wires shall be 12 in. above the ground, and the stay wires shall be

spaced 22 in. apart.

MATERIAL.

to be filled in by each road u 11 u * • Ut
5. Posts shall be of They shall be straight

and free from rot or other defects. Split or sawn posts may be used

in localities where round posts are not economically available; their

dimensions shall be at least equal to those hereinafter specified for

round posts.

6. End or gate posts and intermediate bracing panel posts shall be

9 ft. long and 8 in. in diameter at the small end, or 8x8 in. if sawn.

7. Intermediate posts shall be 8 ft. long and not less than 4 in.

in diameter at the small end.

8. Braces for end posts, gate posts and intermediate brace panels

shall be of 4x4 in. common lumber, 12 ft. long, free from large knots,

splits or rot.

9. All woven wire fences shall be constructed of steel galvanized

wire.

All longitudinal wires shall be coiled.

The elastic limit of all wire shall be at least 1,500 lbs. for No. 9

gage wire, and 2,000 lbs. for No. 7 gage wire.

The ultimate tensile strength shall be at least 1,800 lbs. for No.

9 gage wire, and 2,500 lbs. for No. 7 gage wire. It must stand without

sign of fracture, winding tight around wire of the same size.

10. All stay wires shall be straight and of No. 9 gage.

11. The locks or fastenings at the intersection of the longitudinal

and stay wires shall be of such design as will prevent them from slip-

ping either longitudinally or vertically.

12. Staples used in posts shall be i in. long for hard wood, and

i]A in. long for soft wood, and be made of No. 9 galvanized steel

wire.

13. *A11 galvanizing shall consist of an even coating of zinc, which

shall withstand one-minute immersion tests in a solution of commercial

sulphate of copper crystals and water, whose specific gravity .shall be

1. 185 and whose temperature shall be from 60 to 70 degrees Fahren-

heit. After each immersion the sample shall be washed immediately

in water and be wiped dry. If the zinc is removed, or a copper-colored

deposit is formed after the fourth immersion, the lot of material from

which the sample is taken shall be rejected.

See amendment, page 458.
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14. The fence shall be so manufactured as not to remove the

galvanizing nor impair the tensile strength of the wire.

Manufac-
ture.

ERECTION.

15. End posts shall be set vertical, at least 4 ft. in the ground,

thoroughly tamped, braced and anchored.

16. Gate posts shall be set vertical and braced in a similar manner

to the end posts.

17. Intermediate posts shall be set at least 3 fl. in the ground,

and from i6j4 to 33 ft. apart, depending upon the nature of the ground

and the service required. Holes of full depth must be provided for

all end and gate posts, even if blasting must be resorted to. For in-

termediate posts, where rock is encountered, not more than two ad-

jacent posts shall be set on sills 6x6 in. by 4 ft. long, braced on both

sides by 2x6 in. braces, 3 ft. long. Holes must be provided for all

other posts.

All posts shall be set with the large end down.

All posts shall be set in perfect line on the side on which the

wire is to be strung. After the fence is erected, the top of the posts

shall be sawed off with a one-fourth pitch, the high side being next

to the wire and 4 in. above it.

18. All end and gate posts shall be anchored by gaining and spiking

two cleats to the sides of the posts, at right angles to the line of fence,

one at the bottom and the other just below the surface of the ground.

The cleat near the ground surface to be put on the side of the post next

the fence and the bottom cleat to be put on the opposite side.

Intermediate posts set in depressions of the ground shall be anchored

by gaining two cleats into the side near the bottom of the post, same
to be properly spiked.

19. All cleats shall be 2x6 in. by 3 ft. long, of common lumber.

20. All end, corner and gate posts shall be braced by a piece

of 4x4 in. common lumber, gained into the end corner or gate post,

about 12 in. from the top, and into the next intermediate post, about

12 in. from the ground, and be securely spiked. A cable made of a

double strand of No. 9 soft galvanized wire looped around the end

post at the ground line and around the next intermediate post,

about 12 in. below the top, shall be put on and twisted until the

top of the next intermediate post is thrown back at least 2 in.

21. Longitudinal wires shall be stretched uniformly tight, and be

parallel; stays shall be straight and vertical and be uniformly spaced.

End Posts.

Gate
Posts.

Intermedi-
ate Posts.

Anchoring

Cleats.

Bracing.

Sti-e telling.
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The wires should be placed on the side of the post away from

the track, except on curves, where they should be so placed that the

pull of the wires is against the post.

22. All staples shall be set diagonally with the grain of the wood,

and be driven home tight. I'he top Avire shall be double stapled.

23. Approved bolt clamp splices or a wire splice made as follows

may be used : In making wire splices the ends of the wires should

be carried 3 in. past the splicing tool and wrapped around both wires

backward toward the tool for at least five turns, and after the tool

is removed the space occupied by it be closed by pulling the ends

together.

GALVANIZED WIRE FENCING.

The object of this investigation is to determine the cause of the rapid

oxidation or rusting of smooth galvanized wire fences erected in recent

years, and, if possible, to suggest a remedy.

Fence wire is galvanized to protect it from oxidation, and galvanizing

consists in coating the wire with a thin layer of zinc applied by passing

the cleansed wire through a zinc bath whose temperature is about 800

degrees Fahrenheit.

The zinc coating or galvanizing on the older barb wire fences, which

was galvanized after the barbs were woven in, has withstood oxidation

successfully for 18 or 20 years, and there are many examples of gal-

vanized telegraph wire that have been in service for over 30 years and

which to-day retain the zinc coating so that the wires are practically

as good as new.

All of the smooth galvanized wire woven fences that have been in

service for more than five years have lost considerable of their galvaniz-

ing, and the exposed iron or steel is rusting. Some strands are good

for their entire length, others have lost the zinc coating entirely ; the

majority of the wires, however, have a fair proportion of the zinc coating

intact separated by short stretches having no zinc whatever, and the wire

at these points is rusting. These rusted places are found on top, bottom,

intermediate wires and stays in such locations as to indicate that its

cause is variable thickness, quality or workmanship in the galvanizing

rather than on account of the variation in exposure.

As zinc is acted upon by sulphurous acid and sulphuric acid more

readily than upon steel or iron, we cannot expect galvanized wire to last

longer than bare iron or steel would do when exposed continually to the

fumes of switching engines or when located near smelters or other manu-

facturing plants where much smoke is emitted.
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Tlie telegraph companies are not having trouble with the galvanizing

of iron wire recently purchased when exposed to ordinary conditions

along railways, nor are they having any difficulty in securing sufficient

thickness of zinc to withstand four one-minute immersions in a saturated

solution of blue vitriol, such as is called for in the galvanizing speci-

fication presented by the Committee.

The thickness of the zinc coating on wire supplied to-day for the

manufacture of woven wire fence is such as will usually stand only two

one-minute immersions in the blue vitriol bath, so it is fair to assume

that fence wire galvanizing is only about half as thick as telegraph wire

galvanizing.

The reason the manufacturers make the fence wire galvanizing so

thin is to prevent the scaling of the zinc when the wire is being twisted,

knotted and wrapped by the fence weaving machines. The thick layer

of zinc is not sufficiently elastic to withstand the work of the machines

without scaling, while the very thin coating has appeared to withstand

this work better and has therefore been adopted with the very unsatis-

factory results above mentioned. Your Committee had several samples

of fence woven of all No. 9 double galvanized wire on which the zinc

coating was of sufficient thickness to withstand the four one-minute

immersion tests. Upon examining this fence it was noticed that the zinc

on the longitudinal wires did not suffer from the action of the weaving

machines ; the zinc on the stay wires, however, where they were wrapped

around the longitudinal wires, scaled like dry thick paint would do.

It would appear, therefore, that the best galvanizing protection which

we can secure mider present methods of fence manufacture is that the

longitudinal wires be double galvanized, that is, that they receive a coating

that will stand the four one-minute immersions in the blue vitriol bath.

The thickness of the zinc covering for stay wires and fastenings

must be regulated to suit the machines on which the various kinds of

woven fence are manufactured to ensure against its scaling. This condi-

tion applies, as we believe, to all machine-made fence. There are, how-

ever, several types of field-erected fence in which both the longitudinal

wires, vertical wires and fastenings can be made successfully of double

ga'anized wire, the cost of which is as much higher as the difference

between weaving the fence by machine or having it woven in the field

by hand.

One maker, in his desire to increase the life of his fence, coats it

by dipping it in white zinc paint, and claims "that it "will protect the life

of the wire the length of time this coating stays on," The above is
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only a partial remedy, and if we desire to continue the use of machine-

woven fence and secure proper results in the matter of galvanizing, it

appears to your Committee that a better method would be to use the

present thinly galvanized wire to manufacture the fence, and after it is

made cleanse it and give it another coating of zinc the same as is done

in the case of some kinds of poultry netting.

To galvanize fence after being manufactured was suggested to several

fencemakers. The flexible joint fencemakers objected to this method on

account of the soldering efifect the zinc would have on the joints.

Another maker advises that he has been experimenting in this direction

but as yet has not made it a commercial success, the difficulty being in

his inability to apply the zinc evenly and thoroughly, together with its

excessive cost. One stifif stay and rigid joint manufacturer, however,

offers to install the necessary plant to galvanize the fence after it is

made, provided sufficient business is ensured to warrant the investment.

A most thorough investigation of this entire subject has been made

by Dr. A. S. Cushman, of the United States Department of Agriculture,

published in Farmers' Bulletin No. 239, which, by permission, is

printed as an appendix to this report.

While Dr. Cushman's contention that the manganese content, espe-

cially if it is unevenly distributed in the steel, is at least in part the

cause of the trouble* your Committee is unable either to confirm or dis-

prove this theory, and for the present prefers to recommend good gal-

vanizing as the remedy.

In conclusion, your Committee believes, first, that the rapid deteriora-

tion of modern woven galvanized fence wire is caused by the coating

of zinc being too thin and of an uneven thickness ; second, that to procure

better protection to the wire and a longer lived fence it is necessary

to secure an increased uniform thickness of the zinc coating on the wire,

and to insure that the galvanizing is intact after the wire has gone through

the fence-weaving machines it would seem to require that a second coat

of zinc be applied to the fence after it is manufactured.

TENSILE STRENGTH OF FENCE WIRE.

Steel fence wire is manufactured for the trade in three grades,

namely, hard wire, medium wire and soft wire. The grades are dis-

tinguished by physical tests rather than by chemical composition.

A large fence wire manufacturing company suggests that the ulti-

mate tensile strength for the three grades be not less than the following;
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Hard. Medium. Soft.

No. 7 3,ii81bs. 2,530 lbs. 2,136 lbs.

No. 9 2,200 lbs. 1,800 lbs. 1,507 lbs.

No. II 1,475 lbs. 1,295 lbs. 1,010 11)S.

No. 12 i,i82l!is. 8ioll)s. 795 lb.';.

No. 13 921 lbs. 756 lbs. 650 lbs.

Tliey also stetc tliat the ranges in chemical composition are about

as follows

:

Carbon 08 lo .30

Sulphur ' 035 to .070

Phosphorus 02 to .065

Manganese 30 to .70

Your Committee procured samples of fence wire from several man-

ufacturers, and they were tested by the Pittsburg Testing Laboratory,

Ltd., with the following results

:

Name
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DEFINITIONS.

Anchor Post.—A fence post fixed or fastened in position by some con-

trivance.

Fence Anchor.—A contrivance of wood, meta! or other material designed

to prevent a fence post from being raised or moved.

CONCLUSIONS.

Your Committee recommends that the following conclusions be

adopted

:

(i) That the specifications for standard right-of-wa}' fences be

adopted as being good practice.

(2) That hard wire, whose ultimate tensile strength for No. 9

gage is from i,8co to 2,200 lbs., be used for longitudinal wires and that

the verticals and fastenings be as ner.r the above in ultimate tensile

strength as the action of the various fence weaving or erecting machines

will admit without injuring the wire.

(3) That the definitions for Anchor Post and Fence Anchor be

approved.

Respectfully submitted,

W. D. Williams, Chief Engineer, Cincinnati Northern Railroad, Van

Wert, O., Chairman.

F. P. GuTELius, Engineer Maintenance of Waj', Canadian Pacific Railwaj',

Montreal, Canada, Vice-Chainnan.

F. E. BissELL^ First Assistant Engineer, Lake Shore & Michigan South-

ern Railway, Cleveland, O.

S. B. Fisher^ Chief Engineer, Missouri, Kansas & Texas Railway, St.

Louis, 'Mo.

F. G. Jonah, Assistant Engineer, New Orleans Terminal Railway, New

Orleans, La.

A. G. Norton, Resident Engineer, Erie Railroad, Otisville, N. Y.

H. R. Talcott, Engineer of Surveys, Baltimore & Ohio Railroad, Balti-

More, Md.

W. A. Wallace, Division Engineer, Chicago, Indianapolis & Louisville

Railroad, Chicago, 111.

A. A. WiRTH, Engineer Maintenance of Way, Pennsylvania Lines West,

Pittsburg, Pa. Committee.

AMENDMENTS.

Amend title to read : "Specifications for standard right-of-way fences

built with wooden posts."

Change the words "whose specific gravity." in the third line, to

read, "the specific gravity of which."
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*THE CORROSION OF FENCE WIRE.

APPENDIX TO REPORT ON SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS.

It is frequently asserted that wire for fencing is manufactured from

the refuse of the furnaces and the junk piles, and that the metal used

in forming the galvanized coating is largely adulterated with metals

cheaper than zinc. The first contention shows ignorance of the fact that

refuse metal of this kind could never be drawn to the form of wire,

and that any manufacturer who followed such methods would speedily

find his finished product upon his own junk pile; and as to the second

contention it may be said that, if it is true, no indication of the fact

has been discovered during the course of the investigation.

The real cause of the trouble is a metallurgical problem and requires

careful and impartial consideration. This bulletin is an effort to give

all the evidence obtainable up to the present time, and also a short,

simple description of the modern method of iron and steel manufacture

and of the processes involved in making the wire. It also contains

evidence pointing to what may turn out to be the real cause of the

trouble and suggestions for possible future improvement.

For some time past numerous complaints from different sources

have reached the Department concerning the inferior lasting quality

of the steel-wire fencing which is to be found in the market at the

present time. Among the various statements of fact and explanations

which have been advanced, whether supported by sufficient evidence or

not, the following may be cited to show the necessity for a thorough

investigation of the subject in all its bearings:

(i) That, while the older wire, purchased twenty or more years

ago, is frequently found still in good condition, modern wire goes to

pieces in from two to five years.

(2) That iron wire resists oxidation better, and therefore is more

durable than steel wire.

(3) That the entire difficulty lies in the use of Bessemer steel,

and that puddled iron is far better suited to tlie purpose.

(4) That heavier weight wire was used in the older product, and

hence its lasting quality.

(5) That the trouble is wholly caused by the inferior weight and

quality of the modern galvanized coating, and that the character of the

metal itself has nothing to do with it.

(6) That in order to cheapen the product lead and other adul-

terants are added to the zinc spelter bath used in making the galvanized

coating, and that the methods in use at present are in general inferior

to the older methods.

Abstract from Bulletin No. 239, U. S. Department of Agriculture.
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(7) That the manufacturers do not desire to make a resistant

wire, but prefer a product that will require frequent renewal.

(8) That the majority of consumers prefer cheapness to any other

consideration, and that if a better product can be manufactured for a

higher price, there will be little or no market for it.

(9) That the whole agitation is ridiculous and unnecessary, as

better wire is now being manufactured than ever before, and that the

whole trouble lies in the greater amount of coal that is at present con-

sumed, leading to an increase of corroding gases in the atmosphere.

(10) That the manufacturers are aware that all is not right and

are anxious to do all in their power to improve the durability of their

product.

While some of these claims may be considered extreme, they also

contain much that is true and worthy of careful investigation. At

all events, a very large amount of evidence can easily be obtained to

show the truth of the original contention that the older iron wire is

much more durable than modern steel wire.

MANUFACTURE OF IRON AND STEEL,

Before the user of steel wire can intelligently consider the problem

of the corrosion and deterioration of iron and steel, it is necessary

that he should be to some extent familiar with the methods of manu-

facture, the system of classification, and some of the effects of the

ordinary impurities.

Iron as it is manufactured from its ores is never pure, nor would

perfectly pure iron be suitable for the various purposes for which the

metal is used. Iron is found in nature combined with oxygen in the

form of an oxide, in which it occurs in great reddish-brown or bluish

rock-like deposits, known as hematite and limonite. There are sev-

eral oxides of iron, which differ from each other in the relative amount

of oxygen which is combined with the iron. The ordinary red oxide

which forms when iron rusts is essentially the same oxide that occurs

in nature as hematite ore.

HOW CAST IRON IS PRODUCED.

In rusting, oxygen is added to the iron, and in smelting the ore,

oxygen has to be taken away from the iron. To do this, ore is mixed

with coke and limestone and heated in large furnaces, so arranged

that a blast of hot air can be forced in through suitable holes near

the bottom. Air consists mainly of a mixture of oxygen and nitrogen

gases, and at the high temperature of the blast furnace a great many
things happen. Coke is almost pure carbon, and when it burns in the

furnace it not only combines with all of the oxygen of the air, but

also takes away all of the ox3'gen which was combined with the iron

in the ore, passing out of the stack in the form of gases. The metallic
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iron is thus set free in a liquid or molten condition, in which it falls

to the bottom, or hearth, of the furnace.

Now, however, we come to an important point. Carbon is very

soluble in molten iron, and as more than enough carbon to combine

with the oxygen is always present, the molten metal is really a solution

of carbon in iron. This simply means that the carbon goes into the

iron just as sugar or salt will pass into water. At definite times

the molten metal is allowed to run out of the tap hole of the furnace

into a series of sand molds, which is known as the pig bed. There

the iron cools more or less rapidly, but as it cools another very impor-

tant thing happens—part of the dissolved carbon crystallizes out into

hard crystals of solid carbon as the mass takes on the solid condition,

while the rest of the carbon remains in the iron and does not crystallize

out. The carbon which does not crystallize out is now believed to be

in part combined with the iron and in part held in a state known sci-

entifically as "solid solution," but by the iron metallurgist it is spoken

of as "combined carbon." The crystalline carbon is far more like

black diamond than it is like the soft, greasy variety of carbon known
as graphite, from which lead pencils are made, and yet the iron metal-

lurgist has come to speak of this free carbon in his metal as "graphitic."

Besides carbon, the molten iron either dissolves or combines with

several other substances that are of the very greatest importance in

the metallurgy of iron. These are sulphur, phosphorus, silicon, and

manganese. All these so-called elements are introduced into the fur-

nace, not necessarily on purpose, but as impurities in the ore, coke, and

limestone ; and while, if not properly controlled, they become very

harmful, some of them, like carbon and silicon, are absolutely necessary

to the proper working of the iron.

Pig iron is the crude form of iron, the raw material for the manu-

facture of all the finished grades of iron and steel. When simply

melted up in a reheating or cupola furnace and cast into shapes, such

as car wheels, a good iron may have the following analysis

:

Per cent. Per cert.

Total carbon 3.50 Manganese 40

Graphitic carbon 2.90 Phosphorus 50

Combined carbon 60 Sulphur 08

Silicon 70

As is well known, cast iron cannot be forged into shapes or

drawn into wire, on account of its crystalline granular structure. In

order to render iron suitable for working in this way, it must be

changed by some process into what is known as wrought iron or into

steel.
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Described briefly, the Bessemer process consists of pouring molten

cast iron into a large pear-shaped vessel called a "converter," fur-

THE BESSEMER PROCESS.

iiished with a number of small holes in the bottom, through which a

blast of air is forced under high pressure. By this means the carbon

is nearly all burned out, together with the silicon. The iron, too, is

slightly burned, and after the blow is over a certain amount of man-

ganese, in the form of lumps of an alloy or combination of manganese

and iron known as ferro-manganese, is thrown into the converter be-

fore the metal is poured into the molds to cool. These cooled blocks

of steel are known as "ingots." This addition of manganese is a very

important point in the metallurgy of steel, and, as we shall have occa-

sion in this paper to return to it frequently, it is necessary that the

various reasons for the operation should be understood.

(i) If the molten metal were to be immediately poured after the

blow, it would be found on cooling to be full of cavities, known as

"blow holes," caused by the retention in the metal of gases from the

air blast, and would be quite unfit for any purpose whatever. For

reasons which it is not necessary to explain here, the action of even

the small amount of manganese that is added is almost magical in its

efifect. The burned iron is again reduced or deoxidized, the mass of

metal becomes more perfectly fluid, the gases escape, and the metal

pours smoothly and evenly. In other words, the manganese acts as a

so-called "flux."

(2) Just as small quantities of carbon dissolved in iron change and

modify its properties, so small quantities of other substances produce

their own effects. Manganese is supposed to decrease the danger of

breaking up as the metal passes hot through the rolls in the "rod mills."

It is now apparent that manganese plays an important role in the

Bessemer process, and, in fact, Bessemer steel will generally be found

to contain anywhere from 0.4 to i per cent, of manganese.

BASIC OPEN-HEARTH PROCESS.

Phosphorus and sulphur both have a deleterious effect upon steel,

reducing the ductility and making the metal brittle. In a process like

the one just described, it is necessary to specify that the pig iron shall

contain below a certain percentage of phosphorus. This would, of

course, exclude much of the pig iron that is manufactured, as phos-

phorus, in some of its combinations, is almost always found in iron ore.

B}"- making the lining of the furnace out of a material that will com-

bine with elements like phosphorus, which easily combines with oxygen

to form phosphoric acid, much of this impurity may be made to

combine with the furnace lining and to remove itself from the metal

by entering the slag floating on top of the molten mass. Without

going further into the chemistry of the subject, this is all that is

meant by basic open-hearth steel, namely, that the pig iron is melted
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in large basin-shaped furnaces in which the carbon is burned out by

the play of hot air over the surface of the molten mass, while at the

same time the acid-forming impurities, such as phosphorus and silicon,

are absorbed by the basic lining of the furnace, which is usually made

of a rock material found in nature, consisting of carbonate of lime

and magnesia, and known as "dolomite." Lime or limestone is also

added to hasten this action and save the lining. With the exception

that the hot air is not blown through the molten metal, the open-hearth

process is much like the Bessemer. At the end of the run ferro-man-

g-anese is thrown into the liquid bath of metal to flux it. This is done

sometimes in the furnace and sometimes in a ladle into which the metal

is tapped. It is then run oflf into the ingot molds to cool in the usual

way. It will be noted that the open-hearth process depends essentially,

as does the Bessemer, upon refluxing with manganese.

PUDDLED IRON.

It only remains now to outline briefly the older puddling method

by which wrought iron was made, which yielded most of the ex-

tremely durable wire that was found in the market many years ago.

This process consists essentially of heating the iron in flat-shaped

furnaces to a more or less fluid or pasty condition and then working

it over and over in the presence of air by means of special tools known
as "rabbles," in the hands of skilled workmen. By this means the

impurities are oxidized and burnt off, and the slag or cinder which

always forms is worked into the metal, so that when it comes to be

rolled not only are the impurities very evenly distributed throughout

the mass, but it possesses the structure of a bundle of fibers, each one

of which is coated with a film of cinder, which protects it in very

large measure from subsequent rusting. This cinder is composed of

oxide of iron, combined with silica, which comes from the fireclay

lining of the furnace, for in this process basic linings are not used.

In the minds of most metallurgists some sort of return to this older

method would be the best solution of the problem of the manufacture

of wire which would resist oxidation, but the trouble lies in the im-

possibility of competing with the price of metal manufactured by the

more economical modern processes. It must be apparent to everyone

that the high price of labor would not permit hand-worked metal to

compete on a large scale with that produced by modern methods. It

has, however, been proposed to use a form of mechanical puddling

which would be capable of treating at one time charges of metal as

large as those used in the Bessemer process. It is not impossible that

eventually this will furnish a solution of the difficulty.

MILD AND HIGH-CARBON STEELS.

As has already been pointed out, steel is to be considered as an

alloy or solution in varying proportions of carbon in iron. It may
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now be said that within certain hniits the higher the carbon content

the harder the steel. Mild steel is that in which the carbon rarely

runs above o.i to 0.2 per cent., while in hard steel the carbon may run

as high as i per cent, or even higher.

The following analyses may be taken as fairly typical of the vari-

ous kinds of metal we have been discussing, although these figures

may of course vary widely with the different degrees of hardness that

the manufacturer desires to obtain

:

rON.STITUEXTS.
Bessemer

Steel.

Per Cent.

Basic *

Open-
Ilearth
Steel.

Percent.

Swedish
Puddled
Iron.

Per Cent.

Carbon
Manganese..
Sulphur
Phosphorus.

0.10
.50
.08
.102

0.70
.50
.06
.05

0.04
.06
.01
.01

* Open-hearth metal may run much lower in carbon and much higher in manganese
than these figures indicate. Some sami)les which have been received ran as high as 1.5
per cent maiiganese

The presence of these various impurities complicates the difficulty

in tracing the trouble to any one element. In some grades of wire

it is said to be a positive advantage to have high phosphorous and

silicon, but in fence-wire stock these elements are present in com-

paratively small quantity, while the carbon and manganese run high.

It will be noticed that the amount of impurities in the Swedish iron

is extremely small.

MANUFACTURE OF WIRE.

Having now described briefly the various kinds of metal used in

the manufacture of wire, it will be necessary to explain the methods

of wire making, or such as apply to the sort of wire that is used for

fencing.

The ingots already described, after cooling in the molds, are

reheated to a bright red heat, rolled down, and cut into lengths of a

certain shape and size, known as "billets." Most wire-fence manu-

facturers buy either their wire or their billets from the steel mills,

and comparatively few make their own steel. The horizontal heavy

wires of a woven fence are usually made from a fairly high-carbon

hard steel, in order to attain great tensile strength or resistance to

breaking under strain. The vertical or tie wires must of course bend

easily without breaking, and they are made from a mild or soft steel,

usually Bessemer metal. All metal used for fence wire at present

made in this country is classed as steel, irrespective of the percentage

of carbon or whether made by the Bessemer or open-hearth process,

'ihe billets are rolled hot into No. 5 gauge wire rod. This is then

pickled in sulphuric acid until clean, then soaked in hot lime-water
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to remove the acid, and baked for about half a day, when it is drawn

cold through dies of hard steel to the required gauge, usually No. 12.

The lime coating on the wire lubricates it, and prevents it from

cutting out the dies. The wire is now ready for galvanizing, which

consists of running it through brick tubes or ovens, which are heated

by coal or gas, where the process of annealing or softening takes

place. When the wire is cool enough it enters a bath of acid, which

cleans it and removes any scales that may have formed during the

process of annealing. This so-called "pickle" consists of diluted muri-

atic acid, and is a necessary treatment, as the wire would not take

the zinc unless it had first been through the acid bath. The question

as to whether the acid should be washed from the wire before it

enters the zinc bath is important, and manufacturers seem to differ

in their practice. It is by no means certain that acid included in the

zinc and under it will not tend to corrode the metal rapidly. Some

sort of chloride is undoubtedly necessary to make the iron take the

zinc, but it is natural to suppose that the presence of actual acid should

be avoided.

The wire is next run into a vessel about 16 feet long containing

rrrelted zinc. As the wire emerges from the zinc bath it is run through

asbestos wipers, which wipe off nearly all of the zinc and leave a

smooth coating, which amounts usually to about i to i>^ per cent, of the

wire. The discussion of the method of galvanizing will be reserved

for a separate section ; it is sufficient to point out at this place that

the coating of zinc furnished by this single process is very thin, and

therefore presumably more perishable than a thicker coating would

be. After the wire is galvanized, if a woven-wire fence is to be made,

it goes to the weaving room, where the finished product is turned out.

In some cases, especially in the manufacture of fine wire fencing,

such as poultry mesh, the galvanizing is done after the weaving.

INVESTIGATION OF THE CAUSES OF FENCE-WIRE CORROSION.

Having now followed the processes of the manufacture of steel-wire

fencing from the ore to the finished product, we are in a position to

consider intelligently the information that has been obtained by means

of a rather long and detailed investigation.

EXAMINATION OF SAMPLES OF WIRE.

Evidently the first thing to be done was to prove beyond all doubt

that the older wire, as claimed, did outlast modern steel wire; and

secondly, to determine, if possible, the reason for this. A large num-

ber of letters were received from all over the country in response to

official inquiry, and all pointed in the same direction. As far as

human testimony is capable of establishing a fact, there need be not

30
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the slightest question that modern steel does not serve the purpose

as well as the older metal manufactured twenty or more years ago.

A great number of samples of wire were sent to the Division of

Tests, and a series of analyses were made to see whether chemical

analyses would throw any light upon the subject. In a paper of this

kind it is not desirable to go too deeply into scientific and technical

details, and therefore no tabulated results of analyses will be given.

It is sufficient for our present purpose to state that it soon became

noticeable that the majority of the old wires sent in which were in

good condition were either free from manganese or contained only

very small amounts—0.2 per cent, or under of this metal. It is true

that many of the good wires ran as high as 0.5 per cent, and even

higher in manganese, but the fact was nevertheless noticeable that

the bad wires, with very few exceptions, contained manganese, while

the good wires were frequently, if not always, free from it.

ELECTROLYLSIS AND ITS EFFECTS ON WIRE.

In order to pursue the inquiry further it will be necessary to show

just how the manganese can have the bad effect that it does. Nearly

everybody has probably heard at some time that steel pipes and con-

duits are liable to corrosion, owing to electrolysis or galvanic action.

As a word this may be satisfactory, but unless the exact character

of the action which it describes is understood it is a very unsatis-

factory explanation. If this paper were to sum up the whole inves-

tigation by saying there is reason to believe that the cause of the

rapid deterioration of steel fence wire has been traced to electrolysis

induced by unequal distribution of manganese or other impurities, per-

haps some readers might justly complain of being little wiser than

before. It is necessary, therefore, to define as simply as possible

"electrolysis," "difference of potential," and several other terms which

will be used in this discussion before proceeding further.

If we wish to generate in a house small currents of electricity with

which to ring an electric bell it is necessary to purchase or make a

simple form of electrical cell or battery. Reduced to its simplest terms,

this usually consists of a strip of zinc and a strip of some other metal

immersed in a more or less dilute solution of some salt. Common
table salt would do, but for special reasons some other soluble salt,

like chloride of ammonia, is usually selected. If now by means of a

wire or other metallic conductor the zinc strip is connected with the

other metal, an electric current flows through the circuit. Whenever
this is able to happen, we say that there is a difference of potential

between the zinc and the other meta-I. In general, whenever a dif-

ference of potential is established between two points in a metallic

conductor or circuit a current of electricity will flow. If in the case

of the battery referred to, the current is allowed to flow through an
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especially constructed electro-magnet, it can be caused to ring a bell.

In the same vva}', if the current were strong enough, it could be used

to saw wood or to run a street car. In other words, electric currents,

however small, represent energy and can be made to do work.

There is a great and well-known law of nature which tells us

that it is impossible to get something for nothing. If work is being

done in one place, something is being, so to speak, undone in another

place to balance it exactly. Every person who climbs upon a street

car pays a fare, which represents, at least in some degree, the cost of

the coal or carbon which has to be burned (oxidized) at the power

house in order to move him. Every time the bell rings in the house

the zinc in the battery is corroded or oxidized or burned up to rep-

resent the work done. Whenever, through the agency of a liquid

conductor like a salt solution, a current of electricity moves in a

circuit, this is known as electrolysis. Whenever electrolysis goes on,

some chemical reaction takes place, which, for all practial purposes,

can be likened to the oxidation or burning of some metal. If a

battery were to be made, as could easily be done, in which iron took

the place of zinc, then iron would be oxidized instead of zinc. If two

pieces of iron of different chemical analysis—that is to say, containing

different amounts of impurities—are dipped into a dilute solution of

salt and the ends connected, it will be found that a difference of

potential exists, an electrical current will flow, and, if continued, at

least one of the iron pieces will be destroyed by oxidation. With this

simple explanation of electrolysis in mind, we may return to the con-

sideration of the oxidation of iron and steel.

The tendency of iron and steel to rust or oxidize is a characteristic

of the metal itself, independent of the presence of any impurities it

may contain. No iron has ever been or ever could be manufactured

that would not rust in moist air, unless it were protected by some sort

of covering. There is, however, a very great variability in the way
different irons rust. One will cover itself over with a superficial layer

of oxide, which will then act as a coating, protecting the metal for

many years, while another will pit so badly that the corrosion eats

to the heart of the metal in a short time. Samples of wrought-iron

cut nails that had been exposed to the weather for forty years were

sent to the laboratory and found to be in as good condition as the

day they were bought, while samples of steel wire four years old,

which were originally galvanized, have been received which were pitted

to the breaking point. Our problem, therefore, is not to find a kind

of iron that will not rust, but to determine the causes which load

to the kind of rusting which makes wire short-lived, whether it is

furnished with a protective coating or not; and, further than this,

to see if there is not some way in which we may eventually be in a

position to insist upon specifications for steel wire that will be rea-

sonably resistant.
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Wire that is hung in the field is in just the condition to suflfer from

electrolysis if the metal is not perfectly homogeneous in structure

;

that is to say, if the manganese and other impurities are not perfectly

distributed throughout the metal. All rain water contains small amounts

of salts dissolved from the dust in the air, and is therefore a conductor

of electricity. Water collected during a thunder shower is particularly

rich in substances that conduct electricity, as the sparking of the

lightning through moist air forms small quantities of nitric acid, and

acids conduct electrical currents even better than salt solutions. A
moment's thought will show that under the conditions cited we have

all the elements present to cause electrolysis to take place. Differences

of potential will occur in the wire, local circuits will be established

through the wires or through the wires and ground, and currents will

flow. Just as in the case of the bell battery, these currents can only

be generated at the expense of something, and in this case it is the

iron if it is not the zinc of the galvanized covering. This explanation

is capable of accounting for the deep pitting observed in the corrosion

of many wires, this pitting being characteristic of electrolytic action.

It also accounts for the much more rapid corrosion of wire near the

seashore, as the rain water in such a locality contains more salt, and

thus this action is hastened.

If manganese is unevenly distributed in the metal, why, it may be

asked, have chemists generally failed to notice, the fact in the course

of large numbers of duplicate analyses that have so frequently been

made? The answer to this question lies in the fact that such ex-

tremely small differences in the chemical composition as might easily

escape detection in ordinary chemical analysis are still sufficiently large

to account for slight differences of electrical potential. It is almost

impossible to select two steel needles from the same package which, if

tested against one another with sufficiently delicate electrical measuring

instruments, will not show a difference, even though the chemical

composition appears to be practically the same. Metallurgists claim

that even when a molten bath of metal is very evenly mixed in the

beginning, the cooled ingot made from this metal will show a certain

amount of unevenness, owing to what is technically known as "segrega-

tion," which takes place while the ingot is cooling. A recent inves-

tigator has claimed that manganese segregates much less than some

of the other impurities, notably sulphur and phosphorus. So little is

definitely known about this subject as yet, however, that more experi-

mental evidence is necessary.

Although it is probable that the effects of electrolysis in a fence

wire are extremely small, it must be remembered that they are con-

tinually going on whenever the wire is wet. While it is true that

puddled iron is in large measure protected from corrosion by the

presence in its fibers of mill cinder, this has nothing to do with the

fact that in almost all modern steel woven-wire fences some wires will
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be found to far outlast others, independent of the original weight

of the galvanized covering which they carry. If in woven wire fence

all the wires would last as well as the best ones do, there would

have been no complaints, and this investigation would never have become
necessary. It is just this point of unevenness of lasting quality in wires

from successive heats in the same mill, which have practically the

same chemical composition, that is hard to explain by any theory

but that of galvanic or electrolytic action. The manufacturers have

believed that the whole trouble was in the unevenness in the weight of

zinc covering that was put on the wire, but experiment and observations

show that this is not so. Some wires will go to pieces before others,

although there is no discernible difference either in the weight or

quality of the zinc covering. In one fence which has been under

observation for four years one wire was in perfect condition, although

it carried a light covering of zinc, while the wire next to it was badly

rusted from end to end. Careful chemical analyses were made of these

two wires, and, in order to check the results secured, samples were

sent to one of the most eminent iron chemists in the country. This

chemist reported as follows

:

"We have examined these samples, finding as follows

:

CONSTITUENTS.

Carbon . .

.

Manganese..
Phosphorus.
Silicon
Sulphur

Good Wire.
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that the easiest way to correct the trouble would be to cut down, in

the process of manufacture, as much as possible the impurities that

are present, but the difficulties in the way of doing this will now be

understood.

Leaving the subject of laboratory investigations, we may now turn

to the result of observation in the field. Almost everyone who has

taken the pains carefully to inspect woven-wire fence as it is exposed

to the weather on the farm has observed that some of the wires go

to pieces much more rapidly than others. The bottom wires lying

close to the ground, which are kept wet in summer by the growth of

weeds and grass and in winter by melting snow, are naturally the ones

which we should expect to rust most quickly. As a matter of fact,

however, they almost never do so, but, on the contrary, are far more

lasting than the wires farther removed from the ground. This observa-

tion has been substantiated by a large number of competent observers.

Furthermore, wires that are stapled to living trees will almost invariably

be preserved to some extent in the immediate neighborhood of the

point of contact. One explanation that has been offered for these

undoubted facts is that a certain protection from wind and weather is

furnished by the growth about the wires, but this explanation is far

from satisfactory. One would not seek to preserve iron from rust or

zinc from corrosion by laying these metals away in wet snow or weeds.

If, however, electrolysis takes place, and if the action can be diminished

by keeping the wires electrically neutral through frequent connections

to the earth, or through frequent short circuits, we should then expect

that wires which were kept along their whole length in constant contact

with the earth would, in the long run, show greater lasting quality.

Experiments are at present being made to test the effect of earthing

the fence by frequent connection to the ground. It is not easy to carry

on a discussion of this highly technical subject in a paper of this nature,

and it must be left for future presentation elsewhere.

THE PROCESS OF GALVANIZING WIRE.

The consideration of the protective effect of covering wire with a

coating of zinc has been purposely put off up to this point. Why, it

may be asked, does the quality of the steel make any difference, if it

is to be covered with a protective coating of zinc? The answer is sim-

ple. It is extremely unlikely that any coating is sufficiently waterproof

or sufficiently elastic not to develop numerous cracks and openings

through which water can act and electrolysis begin. Once begun, the

electrolytic action corrodes zinc even more rapidly than it does steel.

This may explain the very rapid disappearance of the galvanized cover-

ing from some wires and its great tenacity on others.

It will now be necessary to explain briefly the methods and practice

of covering wire with zinc. In the first place, the word "galvanizing"
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as used gives a wrong impression. It is possible to dissolve znic in

an acid, and then, by means of a galvanic current, by the very prin-

ciples of electrolysis, properly controlled, that we have been discussing,

to deposit it as a coating upon another metal, like iron. It has been

shown that this method will give the most adhesive coating of zinc

upon iron that it is possible to obtain. When we think, however, of

the large amount of wire fencing made and the price for which it

must be sold, one might as well consider plating it with gold as to

suppose that fence wire is to receive a true galvanized coating. The
universal custom is to pass the wire, when manufactured for fencing,

after it has been cleaned with acid, through a molten bath of zinc, and
then through asbestos wipers, as has been described in an earlier part

of this paper. The object of the wipers is to remove all excess of

zinc and make the coating smooth.

The zinc ordinarily used for fence wire is known as "spelter." It

is made of virgin ores and consists of about 99 per cent, of zinc, o.i

per cent, of iron, 0.5 per cent, of lead, and occasionally cadmium and

some other elements, depending on the location of the zinc mine. The
ordinary weight of the zinc protective coating per unit weight of wire

for fencing purposes is made as small as possible, and will often run

as low as from i to 1.5 per cent. The temperature of the galvanizing

bath should be kept as low as possible, to prevent excessive drossing

of zinc and disintegration of the metal.

A very much better covering and perhaps a more durable wire can

be made by what is known as the double galvanizing process. The

double process does not, as its name implies, mean that more than one

coating of zinc is put on, but only that about twice as much zinc by

weight is carried by the wire. In the double process the wire is

drawn much more slowly through the zinc bath and does not pass

through asbestos wipers, but is smoothed by passing through a shallow

bed of slightly damp charcoal powder. Telegraph wire is usually

treated by this method, and is generally acknowledged to be more

durable than fence wire, but it is worth noting at the same time that

care is exercised in the manufacture of telegraph wire to keep the

manganese low, because the presence of this element increases the

electrical resistance of the wire. The difficulty experienced in rolling

low-manganese steel and the slow rate of speed at which the mill

must be run to draw the wire through the zinc bath in the double

process adds materially to the cost of the product. It is a questiot?

that cannot be decided here, whether or not high-grade fence wire is

worthy of the same care and consideration that is given to wire which

brings a higher price in the market and which is intended for other

purposes.

Although, as has been said in an earlier paragraph, it is not the

intention to maintain that the weight of the galvanized coating has

nothing to do with the lasting quality of fence wire, in view of the
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evidence which has been collected it is impossible to believe, as many

people do believe, that insufficient galvanizing is the whole cause of

the difficulty. Among the wire fences that have been under the care-

ful observation of the writer for a long time is one woven-wire fence

five years old that contains among its twelve horizontal wires, all of

one roll, seven wires that are perfectly good from beginning to end,

four that are partially rusted, and one that is badly rusted, without a

particle of zinc remaining on it. Of the seven perfectly good wires,

six are on the bottom. Now, if the theory of electrolysis is left out of

the question, it would seem that the good wires had received a better

coating of zinc than the bad wires. This explanation is not supported

either by observation or experiment. Two wires are made in the

same mill, pass through the same zinc bath, are wiped off in precisely

the same way ; chemical analysis shows them to have practically the

same weight of zinc covering per pound of metal ; and yet one wire

will outlast the other S to i on the fence. It is, however, entirely

possible that the perfection with which the manganese and other im-

purities are distributed may happen to be more perfect in one ingot

than it is in another. Within certain practical and possible limits it

is probably true that, other things being equal, the wire with the heavier

zinc coating per unit of surface area will be the most resistant to

weather conditions.

None the less, in the opinion of the writer and for the reasons out-

lined in the foregoing pages, the problem will not be solved until

attention is directed to obtaining the proper conditions in the wire

itself. Although the Department of Agriculture cannot undertake to

make specifications, it is highly probable, now that the attention and

interest of manufacturers has been aroused, a substantial improvement

in the rust-resisting character of fence wire will follow in the future.

One of the prominent manufacturing companies claims to have already

solved the problem of making a better wire. If these expectations are

justified, and even if such improvements remain to some extent trade

secrets, there is no question but that the consumer will soon begin to

get the benefit of the better quality of fencing, which will result from

the persistent effort on the part of manufacturers to improve their

product and distance their competitors.



DISCUSSION.

The President :—The report of the Committee on Signs, Fences, Cross-

ings, etc., is before you. The chairman of the Committee, Mr. W. D.

Williams, asks that the report be taken up in regular order, and that

the specifications for standard right-of-way fences be considered clause by

clause, in order that the conclusions with reference to it may be acted

upon. As the Secretary reads the various clauses, any member desiring

to discuss them will interrupt, and we will discuss the questions. Any
clause to which no objection is made will be considered adopted, for

the time being, at least.

The Secretary:
—

"Classes, (i) Three classes of smooth wire fences

may be used, the top wire of each to be 4 ft. 6 in. above the ground.

"First-class Fence. (2) First-class fences shall consist of nine

longitudinal, smooth, coiled, galvanized steel wires ; the top and bottom

wires shall be No. 7 gage ; intermediate and stay wires shall be No. 9

gage.

"The spacing of the longitudinal wires shall be, commencing at the

bottom : 3, 4, 5, 6, 7, 8, 9 and 9 in. The bottom wire shall be 3 in.

above the ground, and the stay wires shall be spaced 12 in. apart.

"Second-class Fence. (3) Second-class fences shall consist of seven

longitudinal, smooth, coiled, galvanized steel wires; the longitudinal wires

and stay wires shall be No. 9 gage.

"The spacing of the longitudinal wires shall be, commencing at the

bottom, 5, 6J/2, 7/4, 9, 10 and 10 in. The bottom wire shall be 6 in. above

the ground, and the stay wires shall be spaced 22 in. apart.

"Third-class Fence. (4) Third-class fences shall consist of four

longitudinal, smooth, coiled, galvanized steel wires ; the longitudinal and

stay wires shall be No. 9 gage.

"When desirable ix2-in. wooden stays, stood on the ground and

interlaced between the longitudinal wires, may be used, spaced 6 to 8

ft. apart, in place of or in addition to the stay wires.

"The longitudinal wires shall be spaced 14 in. apart; the bottom

wires shall be 12 in. above the ground, and the stay wires shall be

spaced 22 in. apart."

The President:
—

"If there are no objections to the general clauses, we
will proceed with "Material."

473



474 FENCES AND CATTLE-GUARDS.

The Secretary:
—

"Posts. (5) Posts shall be of

They shall be straight and free from rot or other defects.

Split or sawn posts may be used in localities where round posts are not

economically available; tlieir dimensions shall be at least equal to those

hereinafter specified for round posts."

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—Go-

ing back to paragraph 5, I wish to ask whether the Committee intends

to make any provision for concrete posts. They are becoming quite

conunon, and to say that they shall be free from rot or other defects is

hardly consistent.

Mr. W. D. Williams (Cincinnati Northern) :—The Committee did

not have that material in mind when writing the specifications. A good

many reinforced concrete posts are used. If the paragraph is all right

otherwise, we can omit the word "rot."

Mr. McDonald :—You might say that wood posts shall be straight

and free from rot. That would cure it.

The President :—The Committee accepts Mr. McDonald's suggestion

that in paragraph 5 the word "wooden" shall precede the first word

"posts." Is there any discussion as to that? The reason the chair calls

attention to this is that in many portions of the Northwest the seven-

foot pole is still standard and is uniformly cut and used.

The Secretary :
—"End Posts. (6) End or gate posts and inter-

mediate bracing panel posts shall be 9 ft. long and 8 in. in diameter at

the small end, or 8x8 in. if sawn.

"Intermediate Posts. (7) Intermediate posts shall be 8 ft. long and

not less than 4 in. in diameter at the small end.

"Braces. (8) Braces for end posts, gate posts and intermediate

brace panels shall be of 4x4 in. common lumber, 12 ft. long, free from

large knots, splits or rot.

"Wire. (9) All woven wire fences shall be constructed of steel

galvanized wire.

"All longitudinal wires shall be coiled.

"The elastic limit of all wire shall be at least 1,500 lbs. for No. 9

gage wire, and 2,000 lbs. for No. 7 gage wire.

"The ultimate tensile strength shall be at least 1,800 lbs. for No.

9 gage wire, and 2,500 lbs. for No. 7 gage wire. It must stand without

sign of fracture, winding tight around wire of the same size.

"Stay Wires. (10) All stay wires shall be straight and of No. 9

gage.

"Locks. (11) The locks or fastenings at the intersection of the

longitudinal and stay wires shall be of such design as will prevent them

from slipping either longitudinally or vertically.

"Staples. (12) Staples used in posts shall bo i in. long for hard

wood, and 1' j in. long for soft wood, and be made of No. 9 galvanized

steel wire.

"Galvanizing. (13) All galvanizing shall consist of an even coat-
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ing of zinc, which shall withstand one-minute immersion tests in a solu-

tion of commercial sulphate of copper crystals and water, whose specific

gravity shall be 1.185 and whose temperature shall be from 60 to 70

degrees Fahrenheit. After each immersion the sample shall be washed

immediately in water and be wiped dry. If the zinc is removed, or a

copper colored deposit is formed after the fourth immersion, the lot of

material from which the sample is taken shall be rejected."

Mr. L. C. Fritch (Illinois Central) :— I would like to suggest to

the Committee that they change the relative pronoun "whose," before

the words "specific gravity," and substitute the words "of which."

The President :—The Committee accepts that. The word "whose"

will be stricken out and the words "of which" inserted, so that the

paragraph will then read, "AH galvanizing .shall consist of an even coat-

ing of zinc, which shall withstand one-minute immersion tests in a

solution of commercial sulphate of copper, the specific gravity of which

shall be 1.185," etc.

The Secretary:
—

"Manufacture. (14) The fence shall be so man-

ufactured as not to remove the galvanizing nor impair the tensile

strength of the wire."

Mr. McDonald :—On that point, it is absolutely impossible to manu-

facture a woven wire fence without injuring the galvanizing on stay

wires. As tlTe zinc is rigid and lacks elasticity, the bending of the v.'ires

cracks it and it flakes ofif.

Mr. A. L. Buck (Canadian Pacific) :— T think the object of the Com-
mittee is to get before the manufacturer the fact that the galvanizing

can be left intact. It is a fact that when it passes through the machine

the galvanizing is fractured. Even by examining the samples closely,

you will see that the twisting machine opens up the galvanizing. This

is a question on which all fence men disagree. We can only overcome

this by galvanizing after the fence is erected, because the steel cannot

be made to fit these specifications without warping so as to fracture.

The President:—The point brought out by Mr. McDonald is rather

important, and we should have further discussion on it.

Mr. McDonald:—I believe that if the companies arc willing to pay

for the wire that is galvanized after it is woven, they can get it, and

they will get a much better quality of fence than they are getting now.

I think many of the gentlemen present have observed that the stay

wires rust out before the horizontal wires. The reason is that the gal-

vanizing on the stay wires is made thin on purpose, so that it will not

crack when bent ; but it is made so thin it is of wry little use, and

if the Conunittee could put in an alternate clause that would admit

of two kinds of wire— one (he ordinary kind on the market ;ind the

other kind to be galvanized after it is woven—jierhaps that would be of

some benefit.

Mr. Buck :— I cannot agree with Mr. McDonald about the stay wires

rusting before the horizontal wires. I find it is a fact that you can
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take a fence that is falling, and you will find the horizontal wires prac-

tically as good as they were the day they were put in the fence; but

the matter of workmanship is a different thing, and should be done

so as not to destroy the galvanizing. If the wire is galvanized according

to these specifications for immersion, * it will probably answer the pur-

pose ; but in order not to destroy the galvanizing after the test is made,

it would be almost necessary, I believe, to galvanize it after the fence

is put together. No matter what the galvanizing that has been done

before, I do not believe it will stand the machine test.

The President:—The effect of paragraph 14, if strictly applied, would

be to compel the use of wire galvanized after it was woven or the use

of stay wires electrically welded to the longitudinal cables. That is

an interesting point, and we would like some discussion upon it. Mr.

Trimble, have you anything to say?

Mr. Robert Trimble (Pennsylvania Lines) :—I am not very much

in favor of galvanizing iron fences. The best that I have seen have

lasted about two years, and I would like to get away from it as fast

as possible.

The President :—Mr. Carothers, of the Baltimore & Ohio, comes from

a smoky and sulphurous country. Have you anything to say on this

point, Mr. Carothers?

Mr. D. D. Carothers (Baltimore & Ohio) :—I have not.

Mr. McDonald :—I do not believe that any wire fence can be manu-

factured after the wire is galvanized. Undoubtedly it would be of advan-

tage to be galvanized after it is woven, to produce the best results.

The President :—Does the convention desire to take any action upon

paragraph 14? If there is no objection, we will pass it, and take up

the items under the head, "Erection."

Mr. McDonald :—Before we leave that section, I wish to state that

I made a point a short while ago that I find necessitates some other

changes in one or two paragraphs. I did not understand the Secretary,

and corrected the defect in paragraph 5. I move that the word "they"

be stricken out and "wooden posts" be substituted, making it read,

Posts shall be of Wooden posts shall be straight and free from

rot or other defects." If that is acceptable to the Committee, I will

proceed further.

The President :—Striking out the word "wooden" from the first

portion ?

Mr. McDonald :—No, sir ; strike out the word "they" in the first

line and substitute for that "wooden posts."

The President :—And allow "wooden" to remain in at the beginning

of the paragraph?

Mr. McDonald :—No, sir ; it was not my intention to put it in the

beginning of the paragraph at all. You cannot say wooden posts shall

be of concrete. In regard to paragraph 6, after the word "posts," in

the first line, I move to add the words, "when made of wood," making



FENCES AND CATTLE-GUARDS. 477

it read, "end or gate posts and intermediate bracing panel posts when made
of wood shall be 8 ft. long and 8 in. in diameter at the small end, or 8x8

in. if sawn." The reason I say that is that eight inches would hardly apply

to a concrete post. In the eighth paragraph, at the beginning of the second

line, insert the words, "when made of wood," so that the dimensions

given there will "not apply to reinforced concrete.

The President:—Does the Committee accept those additions?

Mr. Williams :—Yes, sir.

The President :—We will now proceed with the reading of the third

portion of the specifications, under the heading "Erection."

The Secretary:
—"End Posts. (15) End posts shall be set vertical,

at least 4 ft. in the ground, thoroughly tamped, braced and anchored.

"Gate Posts. (16) Gate posts shall be set vertical and braced in

a similar manner to the end posts.

"Intermediate Posts. (17) Intermediate posts shall be set at least

3 ft. in the ground, and from 16^ to 33 ft. apart, depending upon the

nature of the ground and the service required. Holes of full depth must

be provided for all end and gate posts, even if blasting must be resorted

to. For intermediate posts, where rock is encountered, not more than

two adjacent posts shall be set on sills 6x6 in. by 4 ft. long, braced on

both sides by 2x6 in. braces, 3 ft. long. Holes must be provided for all

other posts.

"All posts shall be set with the large end down.

"All posts shall be set in perfect line on the side on which the

wire is to be strung. After the fence is erected, the top of the posts

shall be sawed oflf with a one-fourth pitch, the high side being next

to the wire and 4 in. above it.

"Anchoring. (18) All end and gate posts shall be anchored by

gaining and spiking two cleats to the sides of the posts, at right angles

to the line of fence, one at the bottom and the other just below the

surface of the ground. The cleat near the ground surface to be put

on the side of the post next the fence and the bottom cleat to be put

on the opposite side.

"Intermediate posts set in depressions of the ground shall be anchored

by gaining two cleats into the side near the bottom of the post, same

to be properly spiked.

"Cleats. (19) All cleats shall be 2x6 in. by 3 ft. long, of common
lumber.

"Bracing. (20) All end, corner and gate posts shall be braced by

a piece of 4x4 in. common lumber, gained into the end corner or gate

post, about 12 in. from the top, and into the next intermediate post,

about 12 in. from the ground, and be securely spiked. A cable made of a

double strand of No. 9 soft galvanized wire looped around the end

post at the ground line and around the next intermediate post, about

12 in. below the top, shall be put on and twisted imtil the top of the

next intermediate post is thrown back at least 2 in.
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"Stretching. (21) Longitudinal wires shall be stretched uniformly

tight, and be parallel ; stays shall be straight and vertical and be uni-

formly spaced.

"The wires should be placed on the side of the post away from

the track, except on curves, where they should be so placed that the

pull of the wires is against the post.

"Stapling. (22) All staples shall be set diagonally with the grain

of the wood, and be driven home tight. The top wire shall be double

stapled.

"Splicing. (23) Approved bolt clamp splices or a wire splice made

as follows may be used: In making wire splices the ends of the wires

should be carried 3 in. past the splicing tool and wrapped around both

wires backward toward the tool for at least five turns, and after the tool

is removed the space occupied by it may be closed by pulling the ends

together."

Mr. McDonald :— I find that in my endeavor to revise the clauses

under "Material," I have not gone far enough, and it will not be possible

to revise those under the heading of "Erection" so as to apply to rein-

forced concrete posts. I think, therefore, the title of this specification

should be amended to read, "Specifications for standard right-of-way

fences built with wooden posts," and restore the text as it stood origi-

nally. It is impossible to correct it : yet I think the matter of concrete

posts has gone to such an extent that it is time we should recognize

that they are built.

Mr. Williams:—That was our object, and we accept the suggestion.

The President:—If there is no objection to the suggestion offered

by Mr. McDonald, the title will be altered to read, "Specifications for

standard right-of-way fences built with wooden posts." Then the other

additions of "wooden" and so on through the specifications will be omitted

and the original text remain as read. Is there any further discussion

on the general specifications before we pass on to other subjects?

M'r. Buck:—Do I understand paragraph 17 to mean every third

hole shall be blasted in rock country to the depth of three feet? Is that

the intention? I would like to know if the Committee would recommend

blasting every third hole in rock country for posts.

Mr. Williams:—Yes, sir; that was our intention.

The President:—If there are no objections to the specifications as

read, they will be considered as having been approved. This takes care

of conclusion i, where the Committee recommends "That the specifications

for standard right-of-way fences be adopted as being good practice."

Mr. G. B. Woodworth (Chicago, Milwaukee & St. Paul) :—These

specifications refer to smooth-wire fences only. Barbed wire tences arc

used very extensively in the West.

The President:—The Association is on record as recomnicnchng the

use of smooth wire in preference to barbed wire for railroad fences.
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Afr. A. S. Baldwin (Illinois Central) :—Last year the Committee

made a report, under instructions, as to what it would recommend for

a standard fence. The specifications given were of a very general char-

acter, and, as I recall it, the report was referred back to the Committee,

with instructions to prepare specifications of what they desired to recom-

mend as a standard fence. I think the Committee is carrying out its

instructions.

Mr. Buck :—As I understand these specifications, they are applicable

to any section of the country. In some portions of the country it is

not permitted to erect barbed wire fences, consequently I do not see

how they can be incorporated. It would be a special fence, and would

have to be treated as such in erection.

The President :—If there is no further discussion, conclusion i will

be considered as having been adopted. The Secretary will read the

second conclusion.

The Secretary:
—

''(2) That hard wire, whose ultimate tensile

strength for No. g gage is from 1,800 to 2,200 lbs., be used for longitudinal

wires and that the verticals and fastenings be as near the above in ultimate;

tensile strength as the action of the various fence weaving or erecting

machines will admit without injuring the wire."

The President:—Unless there is objection, conclusion 2 will stand

as adopted. The Committee desires to interpolate conclusion 3, as fol-

lows : "In conclusion, your Committee believes, first, that the rapid

deterioration of modern woven galvanized fence wire is caused by the

coating of zinc being too thin and of an uneven thickness ; second, that

to procure better protection to the wire and a longer lived fence it is

necessary to secure an increased uniform thickness of the zinc coating

on the w'ire, and to insure that the galvanizing is intact after the wire

has gone through the fence weaving machine it would seem to require

that a second coat of zinc be applied to the fence after it is manu-

factured." Is there any discussion on this conclusion? If there is no

objection, it will be considered as having been adopted. The next

conclusion, referring to definitions, will be acted upon by correspond-

ence. Any member desiring to criticize or alter the definitions can do

so by correspondence, and letter-ballot will settle the matter before they are

published. The chairman of the Committee desires to call attention

to the fact that the Department of Agriculture has issued a Bulletin,

known as Farmers' Bulletin No. 239, entitled, "Corrosion of Fence Wire."

A copy of this bulletin has been sent to each member of the Association

by mail. Has the convention any suggestions to make for the work

of this Committee during the ensuing year?

Mr. Buck :—The gate question, I should think, would be a part

of the fence question, and is a very important matter. That is where

most of our trouble occurs. It seems to me that it would be within the

province of this Committee. Any decision that this Association may

make will materially lessen the chances of trouble.
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The President :—Are there any suggestins to be made upon the

subject of signs? The work of this Committee includes signs, fences

and cattle-guards.

Mr. Baldwin :—I would like to see a report from the Committee

as to the comparative economy of metal and wooden signs.

Mr. E. E. R. Tratman (Engineering News) :—I would like to

suggest that a very important subject would be the different kinds of

metal and concrete posts, and the extent to which they are being

used, with the results attained.

Mr. McDonald :—I think a question that would be of vital interest

to everybody would be the construction of the best kind of a cattle-

guard.

Mr. Woodworth :—My suggestion would be the best form of crossing

for highway and private crossings, especially with reference to providing

for the flangeway, and providing proper means of spacing plank or

whatever is used next to the rail. That is where there is a good deal of

trouble.

The President:—If there are no further suggestions, the Committee

will be relieved, with the thanks of the Association.



REPORT OF COMMITTEE NO. X.—ON SIGNALING
AND INTERLOCKING.

To the Members of the American Railway Engineering and Maintenance

of Way Association:

Your Committee on Signaling and Interlocking has complied with

the instructions of the Board of Direction, as published in Bulletin No

6i, and submits herewith its seventh annual report, embodying

:

(i) Specifications for construction of telegraph block signal and

connections.

(2) Standard specifications for mechanical interlocking and mate-

rial for construction work.

(3) Location of automatic signals and slotting or automatic con-

trol of interlocking signals in automatic territory.

(4) Conventional symbols for signaling and interlocking work.

(5) Definitions.

(6) Result of letter-ballot relating to the question of angle travel

of semaphore arm for block and interlocking signals, and upwardly

inclined arm.

The Committee held meetings June 7, August 15, October 9, 1905,

and January 3, 1906. The meetings were attended by Messrs. Dunham,

Short, Addison, Ellis, Knowlton, Mock, Peabody, Rudd and Stevens.

CONCLUSIONS.

Your Committee submits for adoption the following conclusions

:

(i) That lock and block with track circuit control, using inter-

mediate automatic signals for following movements and abandoning

the use of orders, be employed instead of the system of using auto-

matics for both following and opposing movements as an adjunct to

the order system for single-track work.

(2) That the arrangement shown in Fig. A is good practice under

certain conditions for use on single-track line as a train-order signal

and spacing-block signal, and that train-order signal be located to

give the best view to approaching engine and trainmen.
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(3) That distant signals may be used with train-order and block

signal, as shown in Fig. B, and that train-order signal be located to

give the best view to approaching engine and trainmen.

(4) That the arrangement shown in Fig. C be adopted when

necessary to subdivide the block, and track circuit be used in the sub-

divided block to control the rear signal, and that train-order signal be

located to give the best view to approaching engine and trainmen.

(5) That double-track arrangement be similar to single-track ar-

rangement, as shown in Figs. A, B and C.

(6) That the specifications for construction of telegraph block

signal and connections be approved.

(7) That the standard specifications for mechanical interlocking

and material for construction work, adopted by the Railway Signal

Association, be endorsed as good practice.

(8) That the location of automatic signals and slotting or auto-

matic control of interlocking signals in automatic territory, as shewn

in Figs. I to 10, be approved.

(9) That the conventional symbols submitted be approved.

(10) That the definitions submitted be approved.

Respectfully submitted,

Chas. a. Dunham, Signal Engineer, Great Northern Railway, St. Paul,

Minn., Chairman.

W. A. D. Short, Signal Engineer, Illinois Central Railroad, Chicago,

111., Vicc-Chairman.

C. L. Addison, Assistant to President, Long Island Railroad, Long

Island City, N. Y.

F. H. Alfred, Manager, Canadian White Company, Montreal, Canada.

G. E. Ellis, Signal Engineer, Chicago, Rock Island & Pacific Railroad,

Chicago, 111.

H. H. Knowlton, Assistant Engineer, Cleveland, Cincinnati, Chicago &

St. Louis Railway, Cincinnati, O.

J. C. Mock, Signal Engineer, Michigan Central Railroad, Detroit, Mich.

J. A. Peabody, Signal Engineer, Chicago & Northwestern Railway,

Chicago, 111.

A. H. RuDD, Assistant Signal Engineer, Pennsylvania Railroad, Philadel-

phia, Pa.

Thos. S. Stevens, Signal Engineer, Santa Fe Railway System, Topeka,

Kan.

Committee.
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TELEGRAPH, AND CONTROLLED MANUAL, BLOCK SIGNALS.

The requisites of irxStallation of a Telegraph Block System, as given

in the Standard Code of the American Railway Association, are as fol-

lows :

REQUISITES OF INST.\LL.\TI0N.

1. Signals of prescribed form, the indications given by not more

than three positions ; and, in addition, at night by light of prescribed color.

2. The apparatus so constructed that the failure of any part directly

controlling a signal will cause it to give the normal indication.

3. Signals, if practicable, either over or upon the right of and adjoin-

ing the track upon which trains are governed by them. For less than

three tracks, signals lor trains in each direction may be on the same

signal mast.

4. Semaphore arms that govern, displayed to the right of the signal

mast as seen from an approaching train.

5. The normal indication of Home Block Signals
—

"Stop."

ADJUNCTS.

The following may be used

:

(A) Distant Block Signals interlocked with Home Block Signals

;

normal indication
—

"Caution."

(B) Advance Block Signals interlocked with Distant Block Signals

if used, normal indication
—

"Stop."

(C) Advance Block Signals interlocked with Home Block Signals;

normal indication
—

"Stop."

(D) Repeaters or Audible Signals to indicate the position of signals

to the signalman operating them.

(E) The automatic release of signals to give the normal indication.

(F) The interlocking of switches with block signals.

(G) Means of communication by bell circuit or telephone for signal-

ing between a block station and outlying switches.

(H) L'nlocking circuits between a block station and outlying

switches.

(I) The interlocking of telegraph keys with block signals.

Where the semaphore is used, the governing arm is displayed to the

right of the signal mast as seen from an approaching train, and the indi-

cations are given by positions :

Horizontal as the equivalent of "Stop."

Vertical as the equivalent of "Proceed." ^

Diagonal as the equivalent of "Proceed with Caution."
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The requisites of installation of the Controlled Manual Block System,

as given in the Standard Code of the American Railway Association, are

as follows

:

REQUISITES OF INSTALLATION.

1. Signals of prescribed form, the indications given by two (2) posi-

tions, and, in addition, at night, by lights of prescribed color.

2. The apparatus so constructed that a failure of any part directly

controlling a signal will cause it to give the normal indication.

3. Signals, if practicable, either over or upon the right of and adjoin-

ing the track upon which trains are governed by them. For less than

three tracks, signals for trains in the same direction may be on the

same signal mast.

4. Semaphore arms that govern, displayed to the right of the signal

mast, as seen from an approaching train.

5. The normal indication of Home Block Signals
—

"Stop."

6. The apparatus so constructed that the failure of the block signal

instruments or electric circuits will prevent the display of the "clear"

signal.

7. The relative position of the home signal, and track instrument, or

releasing circuit, such as to make it necessary that the rear of a train

shall have passed feet beyond the Home Block Signal before

the signal at the preceding block station can be released.

ADJUNCTS.

The following may be used

:

(A) Distant Block Signals interlocked with Home Block Signals;

normal indication
—

"Caution."

(B) Advance Block Signals interlocked with Home Block Signals

and with Distant Block Signals, if used ; normal indication
—

"Stop."

(C) Track circuits.

(D) Repeaters or audible signals to indicate the position of signals

to the signalman operating them.

(E) The automatic release of signals to give the normal indication.

(F) The interlocking of switches with block signals.

(G) Means of communication by bell circuit or telephone for sig-

naling between a block station and outlying switches.

(H) Unlocking circuits between a block station and outlying switches.

Where the semaphore is used, the governing arm is displayed to the

right of the signal mast as seen from an approaching train, and the

indications are given by position :

Horizontal as the equivalent of "Stop."

Vertical or diagonal as the equivalent of "Proceed."



RECOMMENDED STANDARD LOCATION OF TELEGRAPH BLOCK
SIGNALS.

Fig. a.

Fig. B.

Minimum distance one train length i

T
Fig. C.

Fig. D.

1

L I

"1
Not less than one

train length

Great enough to permit all switching and movememts

in subdivided block.

Fig. E.

485
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SPECIFICATIONS FOR CONSTRUCTION OF TELEGRAPH
BLOCK SIGNAL AND CONNECTIONS.

Workman-
ship.

Strength.

Plans.

GENERAL.

1. All material and workmanship must be of the best, ana subject

to the approval of the Signal Engineer.

2. All parts must be properly proportioned for strength.

3. All plans furnished by the Railroad Company must be considered

a part of these specifications, and must not be departed from except by

permission of the Signal Engineer.

Lever Type.

Locking.

Separate
Foundation.

Size of
Parts.

Throw of
Levers.

Position
of Levers.

Signal
Connections.

Pipe
Material.

MACHINE.

4. Operating machine must be of the lever type and of approved

design.

5. Locking, when required for distant signals, must be of the latch

or preliminary type. All wearing parts shall be of cold rolled steel, and

all bolts provided with jamb nuts or cotters.

6. The machine must be substantially placed in a suitable block

station, and supported on a separate foundation, not connected with the

building in any way. This foundation must be made of white oak, long-

leaf yellow pine, or steel.

7. There must be no difiference in the size of corresponding parts

for large and small machines.

8. .A.11 the levers in a machine must have an equal uniform throw.

9. Machine levers must be numbered from left to right; generally,

the levers must be placed in the machine corresponding to signal operated.

Distant signal levers, when used, must be outside of home signal levers,

at ends of machine.

SIGNAL CONNECTIONS.

10. Home signal connections must be made hy means of pipe rims.

11. Pipe lines must be made of galvanized iron pipe, one inch (i")

inside diameter, and coupled with sleeves, plugs and rivets. One end of

each length of pipe must not be punched for rivet until pipe is screwed

together on the ground.
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12. Pipe runs must be straight, when possible, and must be placed

not nearer than three feet (3') from outside of rail. They must be

laid two and three-quarters inches (2^") between centers, and so arranged

that the shortest line will be next to the rail. Pipe lines must be sup-

ported on carriers placed not more than seven feet (7') apart; top of

pipe lines must be one and one-half inches (1J/2") above base of rail,

except across tracks, where they must be one inch (i") below base of rail.

13. Pipe carriers must be made of malleable iron, with sheaves not

less than two and a quarter inches (23^4") in least diameter

14. Couplings in pipe lines must be placed not nearer than twelve

inches (12") to a pipe carrier when the lever is in the center.

15. Sleeves for pipe couplings must be made of wrought-iron, and

not less than two and a quarter inches (2%") in length.

16. Plugs for pipe couplings must be made of wrought-iron, one

inch (i") in diameter and six inches (6") long. They must be drilled

for quarter-inch (54") rivets, spaced four inches (4") center to center,

and one inch (i") from each end.

17. Cranks must be made of wrought-iron, and mounted in a cast

or malleable iron stand. The top of the center pin must, in all cases, be

supported. All crank stands must be provided with lugs, to prevent

center pins from turning in stands. No more than two cranks shall be

placed on the same center.

18. All cranks, except those used in box or vertical stands, must

have arms not less than eleven and three-quarters inches (iiM) i"

length.

19. Solid jaws must be made of wrought-iron. They must be seven-

teen inches (17") long from center of pin hole to end of body; open-

ing between sides of jaws must be straight for not less than three inches

(3") from center of pin hole.

20. Screw jaws must be made of malleable or wronght-iron : open-

ing between sides of jaws must be straight for not less than five inches

(5") from center of pin hole, and thread in solid end must be at least

one and a half inches (iVz") in length. Body must not be less than

twelve inches (12") long, with thread cut half its length.

21. Bodies of all jaws must be one and a quarter inches (1]-^")

in diameter, 'with tang and thread for coupling to pipe. Tang must be

four inches (4") long and one inch (i") in diameter.

Position of
Pipe Runs.

Pipe
Carriers.

Couplings.

Sleeves.

Plugs.

Cranks

—

Construc-
tion.

Crank
Arms.

Solid Jaws.

Screw Jaws.

Jaw
Bodies.



488 SIGNALING AND INTERLOCKING.

22. Bends must not be naade in pipe, but in cranks, jaws, or an iron

rod, one and one-quarter inches {1%") in diameter, placed in the pipe

two and one-half inches (2j4") between any two supports. There must be

no bends made in cranks without special permission.

23. (See page 297, Vol. 4, Proceedings Am. Ry. Eng. & M. of W.
Association.)

"Lazy Jack" Compensators must be used. They must be made of

wrought-iron and mounted on cast-iron stands, but no more than one

compensator shall be placed on a stand or foundation. Inside crank arms

must be ten and one-eighth inches (lO/^") in length, outside to be thirteen

inches (13"), from center to center of pin holes. Top of crank pins

must be supported. All compensator stands must be provided with lugs

to prevent center pins from turning in stands.

24. Means of adjustment must be provided for each line of pipe.

25. Lines to home signals must have a screw jaw in end of line

next to function operated; lines to distant signals must have a screw jaw

at each end (when pipe connections are used).

26. All foundations must be made in accordance with standard

plans. In general, foundations should be made of concrete.

27. Leadout foundation inside and immediately outside of tower must

be made of twelve-inch by five-inch oak, securely bolted to rails set in

tower foundation walls.

28. Four (4) three-quarters-inch (^") bolts must be used to fasten

each crank stand, or compensator stand, to its foundation.

29. Two (2) three and one-eighth inch by two inch {^lY?,"^^") l^S

screws must be used for fastening each pipe carrier to its foundation.

30. All pins must be made of steel, machine turned, and provided

with cotters.

31. Connecting pins for jaws, cranks, etc., must be not less than

seven-eighths inch (%") in diameter; center pins for bell cranks must

be not less than one and one-fourth inches (i^") in diameter.

32. Plate washers must be used under nuts and under the heads of

bolts and lag screws, where they would be otherwise in contact with wood.

22- When required, highway crossings must be boxed with four-inch

(4") oak plank.
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SIGNALS.

34. High signals, where practicable, must not be closer than seven

feet (7') to the outside of rail.

35. Signal blades must be made of white ash.

36. Signal masts must be made of iron and set on or in concrete.

yj. Bracket posts may be either pipe or lattice construction ; the

bracket, or cross-arm, must be not less than twenty feet (20') clear

above top of rail.

38. All signal masts must be provided with ladders, bolted to post

at top, and at bottom to a one-way pipe carrier foundation set in the

ground.

39. Short uprights or stubs seven feet (7') long must be used to

indicate each track that is not signaled from the bracket, and which

intervenes between the bracket post and the farthfrst track signaled. The

stub must be placed not less than six feet six inches (6' 6") from the

adjacent signal mast.

40. On signal bridges, masts for carrying signals must be placed

vertically over the right-hand rail of the track governed. Bridges must

be made according to standard plans, and not less than twenty-one feet

(21') in the clear from top of rail.

41. Arms must be not less than twenty-five feet (25') above the

base of rail. On bracket posts, or bridges, the arm must be not less

than seven feet (7') above top of bracket or bridge.

42. Blades must be four feet six inches (4' 6") in length from

center of casting to outer end. They must be seven inches (7") wide at

the arm grip, and ten inches (10") wide at the outer end. Stops for

the danger and safety positions must be provided in the center casting.

43. Six (6) three-eighths-inch by one and one-half inch (f^"xi^")

elevator bolts, with head one and one-fourth inches (i/4") in diameter

must be used to fasten each signal blade to casting.

44. Colored glass six and one-half inches (63/2") in diameter must

be placed in signal casting.

45. A lamp, made in accordance with standard drawings, must be

furnished for each signal.

High
Signals.

Signal
Blade
Material.

Signal Masts

Bracket
Posts.

Ladders.

Stubs.

Location of
Masts on
Bridges.

Heigiit
of Arms.

Size of
Blades.

Blade
Fastening.

Size of
Glass.

46. Lamp brackets must be made in accordance with standard draw-

Lamp.

Lamp
Brackets.

ings.
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Painting.

Lever
Painting.

Blade
Painting.

47. All ironwork must be given one coat of good priming and two

coats of finishing paint. Signal masts, and the ironwork on same, must

be painted according to the standards of the Railroad Company.

48. Levers must be painted as follows

:

Home signal levers, red.

Distant signal levers, green or yellow.

Spare levers, white.

49. Signal blades must be painted in accordance with stamlard plans.
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STANDARD SPECIFICATIONS FOR MECHANICAL INTER-
LOCKING AND MATERIAL FOR CONSTRUCTION

WORK.

(Adopted by the Railway Signal Association, October 11, 1905.)

GENERAL REQUIREIVIENTS.

1. The contractor sliall furnish all tools, material and labor, except

as may be hereinafter noted, to erect and complete the work in ac-

cordance with the intent of the plans and specifications, and anything

that is obviously necessary to complete or make useful any part men-

tioned in specification shall be provided by the contractor, although such

part is not shown by the plans.

2. The contractor will be furnished with transportation over the

purchaser's own lines of railway to visit the site before making his

proposal, and shall base his bid on conditions then existing, except as

modified by plans or specifications furnished with request for tender.

3. The purchaser will furnish free transportation for necessary men,

tools and material on its own lines of railway, going and returning.

4. The purchaser will do all track work and furnish and put in

place all switches, derails, movable point frogs, together with ties for

same, including those for bolt locks and crossing bars, unless the plans

for any particular contract specify that the contractor shall furnish any

of the above materials.

The purchaser will do all necessary draining, grading and blasting,

and also provide all necessary permits for building an interlocl:ing

station.

5. The contractor shall frame all ties for switches, derails, movable

point frogs, bolt locks and crossing bars, and drill all holes in rail

for front feet, detector bar brackets, etc.

6. All material shall be f. o. b. cars on the purchaser's lines of

railway.

7. The contractor shall clear away all refuse from the premises and

leave the building in condition for occupancy.

8. All threads shall be U. S. standard, unless variations therefrom

are permitted by the purchaser. All castings shall be of the best quality.

9. All parts shall be properly proportioned for strength. Material
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and workmanship shall be of the best, and subject to the approval of

the Signal Engineer.

ID. All plans furnished by the purchaser shall be considered part of

these specifications, and shall not be deviated from, except by permission

from the Signal Engineer.

11. Extra sets of working drawings shall be furnished for each

plant. After the completion of the plant the contractor shall furnish

for each company interested "Vandyke" or similar prints of ground

plan, leadout, locking and dog sheet and track circuits. Each shall

be on a separate sheet and show conditions as they exist after com-

pletion of the plant.

12. In all particulars not mentioned in these specifications it is in-

tended and understood that the best ruling practice at the time the

work is performed will govern, and if any devices are furnished which

have not been in general use they shall be subject to acceptance of

the Signal Engineer before being placed in position.

13. In the final settlement of the contract no extra bills will be

allowed unless the work shall have been ordered in writing by the

proper officers of the purchasing company.

INTERLOCKING STATION.

21. The interlocking station must be built in accordance with the

purchasing company's standard plans.

MACHINE.

26. Machine shall be of the preliminary latch-locking type of an

approved manufacture.

27. Machine must be rigidly supported on a wood or steel frame,

as selected by purchaser.

28. There must be no difference in the corresponding parts of a

small and a large machine as regards size.

29. In machines of horizontal locking type, one bracket for cross-

locking must be provided for each two-lever spaces, placed alternately,

and in no case shall there be less than one spare bracket for each

eight-lever spaces, placed near the center in each. Each spar bracket

must be filled with a piece of locking steel.

30. A space for longitudinal locking bar shall be provided the entire

length of the machine for each spare lever, or lever spaces in the

machine. No small filling blocks shall be used ; all spare spaces shall

be filled with locking steel.
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31. All the levers in a machine shall have an equal and uniform

throw in the quadrant, and the throw in the lever tail for pipe con-

nections shall be eight and three-quarters (8^4) in., nine and three-

quarters (9^4) in-, with an additional hole for increasing the throw to

ten and three-quarters (10^) in.

32. Where electric locking is used, the apparatus shall accomplish

the following: The electric lock must lock the route, but shall not

prevent the return of the home signal to the stop position ; a release

shall be provided which will require the lapse of one minute before

the release is effective; the releasing mechanism shall be designed so

that the operator will have to return mechanism to its normal position

before he can again use the route affected.

LEADOUT.

39. Deflecting stands, cranks or rocker shaft leadout shall be fur-

nished as specified by purchaser.

Rocker shafts shall be made from two (2) in. square, cold rolled

steel with movable bearings and movable drop forged crank arms

eleven and three-quarters (ii^) in. long, center to center.

40. Rocker shafts over eight (8) ft. long shall have an intermediate

bearing. The bearings shall be made in four ways wherever possible,

fastened with six three-eighths (^) in. bolts. One way bearings shall

not be used, except where absolutely necessary.

41. Vertical wire leadout wheels shall be of ten (10) in. diameter.

They shall be securely bolted to leadout timbers by four three-quarters

(M) Jn. bolts.

42. The leadout pipe shall in all cases be connected to back hole

of lever. With jaw bent to fit either hole by turning the rod.

43. Wire connections to the lever tail must be made by means of

stationary shackles with seven-eighths (Ji) in- pi". and four holes

shall be drilled for as many different throws of connections.

Stroke of connections for switches, locks, high and dwarf signals

shall be eight and three-quarters (8^) in.; nine and three-quarters

(934) in. and ten and three-quarters (10^) in.; and for distant signals

fourteen and three-quarters (14M) in- ; sixteen and three-quarters (16^)

in. and eighteen and three-quarters (i8>4) in.

PIPE UNES.

49. Pipe lines shall be used for connections to switches, detector

bars, locks and home signals, if not otherwise specified, and may be

used for all signals.
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The pipe shall be one (i) in. inside diameter, and weigh not less

than 1.65 lbs. per ft.

50. Pipe lines sliall be straight where possible, and shall not be

placed less than five (5) ft. from outside rail, except where the line

rnns between tracks or on long ties, in which case the minimum dis-

tance shall be three (3) ft. nine (9) in. from the nearest rail, where-

ever conditions permit. Pipe lines shall be laid two and three-quarters

(2-]4) in. between centers, and shall be supported on pipe carriers placed

seven (7) ft. on straight lines, and six (6) ft. centers around curves.

51. Not more than four pipes lines shall cross the track at one

place, and there shall be at least three ties between the places where pipe

lines cross, except where lines cross trj.ok in front of interlocking

station. This may be changed to suit local conditions by permission

of the Signal Engineer

52. All pipes leading across tracks shall be supported by hanging

pipe carriers, fastened on top of the ties.

53. Where pipe and wire lines cross tracks which are not parallel,

radial arms or deflecting bars shall be used for pipe, and chain wheels

for wire. Where deflecting bars are used they shall be made with

tang-ends or jaws.

54. Pipe line shall be made in lengths corrected for temperature

as called for by diagrams.

COUPLINGS.

60. Sleeves for pipe couplings shall be made of wrought-iron and

shall not be less than two and one-quarter (2%) in. in length, and

full section throughout.

61. Plugs for pipe couplings shall be made of wrought-iron one (i)

in. in diameter, chamfered one-eighth OA) in., and six (6) in. in

length, and drilled and countersunk for two one-quarter (%) in. rivets,

spaced four (4) in. from center to center, and one (i) in. from end.

62. Couplings in pipe lines shall not be placed nearer to pipe car-

rier than twelve (12) in., with lever on center.

PIPE CARRIERS.

67. Pipe carriers shall be made of best gray cast-iron malleable or

pressed steel, as designated by purchaser, with sheaves or wheels not

less than two and one-quarter (2%) in. at smallest diameter, and
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two and three-quarters (2^) in. between centc's. They shall be four

and one-quarter (4%) in. from base to center of pipe line.

Pipe carriers shall be made in half sections. Each carrier shall

have a separate connection at the top. Two carriers shall not be con-

nected with one top or bottom rod.

Where carriers are mounted on wood they shall be fastened with

two one-half by two and one-half (5^x2^) in. lag screws.

CRANKS.

71. Cranks shall be made of wrought-iron and mounted in a cast

or malleable iron stand. The top of the center pin shall in all cases be

supported. Not more than two cranks shall be placed on the same

center, and in no case may two cranks be placed on the same center of

foundation when the pipe line from one crank runs to switch and from

other crank runs to lock on the same switch.

72. No crank less than eleven and three-quarter (iif^) in. centers

may be used outside the leadout.

JAWS.

76. Solid jaws shall be made of wrought-iron. They shall be nine-

teen and one-half (19J/2) in. in length from center of pin hole to center

of rivet hole. The opening between sides of jaws shall be parallel for

not less than three (3) in. from center of pin hole. •

7y. Screw jaws shall be made of wrought or malleable iron, the

openings between sides of jaws shall be parallel and not less than five

(5) in. from center of pin hole. Thread on jaw end shall be not

less than six (6) in. in length. Body shall be seventeen (17) in. in

length from end to center of rivet hole or nineteen and one-half (19^)

in. from center of pin hole to center of rivet holes. All jaws to be

supplied with extra jamb nuts. Bodies of all jaws shall be one and one-

quarter (134) in- in diameter, with tang and thread for coupling to

pipe. Tang shall be four (4) in. in length and fifteen- sixteenths (M)

in. in diameter. Special Jaws made with tang-ends or bodies of one

(i) in. and three-quarters (^4) i"- round iron may be used for high

signals, dwarf signals, torpedoes, selectors, etc., where the resistance

is less than one hundred (100) lbs.; but in no case shall jaws less

than one and one-quarter (ij4) i"- be used in pipe line.

78. Bends shall not be made in pipe, but in jaws, or in iron

rod one and one-quarter (iJ4) i"- in diameter, placed in the pipe line

for that purpose. The total bends shall never exceed two and three-
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quarters (2^) in. between any two supports. No bends shall be made

in cranks to exceed one and one-quarter (ij4) i"-

COMPENSATORS FOR PIPE.

83. A compensator shall be provided for each pipe line over fifty

(50) ft. in length and under eight hundred (800) ft. with crank arms

eleven by thirteen (11x13) in. centers. From eight hundred (800)

to twelve hundred (i,2Co) ft. in length crank arms shall be eleven by

sixteen (11x16) in. centers. Pipe lines over twelve hundred (1,200)

ft. in length shall be provided with an additional compensator.

Compensators shall be built of one- sixty (60) degree and one one

hundred and twenty (120) degree angle crank and connecting link,

mounted in iron or malleable base, having top of center pins supported,

same being made twenty-two (22) in. centers.

88. Facing locks shall be used on all switches. Lock castings shall

be placed on outside of tracks and bolted to tie through the gage

plate one-half by six (14x6) in. placed on top of tie and securely fast-

ened thereto.

89. Plungers shall be one (i) in. in diameter and twenty (20)

in. in length from center of pin hole to end, and have a stroke of

eight (8) in. Plungers shall stand not more than one (i) in. clear

of lock bar when switch is unlocked. The end shall be square and

not chamfered or pointed.

90. Lock rods for facing point locks shall be run direct without

side bend or goose-neck from front rods into lock casting. Holes in

lock bar shall not be more than one and one-sixteenth ( ii'e ) in. in

diameter, and shall not be countersunk.

91. All facing point switches, derails, movable point frogs on high

speed routes shall be bolt locked with signals governing such route.

In all cases where switch and lock movements are used, bolt locks

shall also be used. Distant signals are not to be bolt locked.

92. The switch bar on all bolt locks shall have an independent

connection.

93. The signal bar on bolt lock shall be made of mild steel and

be a part of the line and not lugged or looped in. The switch and

signal bar shall be one and three-quarters (i^) in. deep and five-

eighths (H) in- wide. The notch in the signal bar shall not be more

32
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than one and one-half (ij^) in. in length. When more than one signal

bar is used they shall be made of dififerent section, so that neither can

enter the wrong slot in the switch bar.

DETECTOR BARS.

98. Where no substitute is provided, detector bars shall be installed

for all switches, derails, movable point frogs and torpedo machines and

shall work in connection with a facing point lock or switch and lock

movement; also at crossings when required to insure clearance. If on

curve the bar shall be placed alongside the outer rail.

Detector bars shall give fifty (50) ft. continuous protection.

99. Detector bars shall be made of three-eighths by two and one-

quarter (Hx2%) in. steel, with square ends. They shall be bolted

together in not more than three places.

100. Detector bars shall be placed on outside of rails, and move

in a plane inclined toward center of track. Top of bar shall stand one-

quarter (14) in- below top of rail when lock lever is at end of stroke.

Bar shall rise not less than one and one-quarter (ij4) in. above rail.

loi. Both end supports shall be placed six (6) in. and twenty-four

(24) in., respectively from each end, the remaining supports to be

placed not over four (4) ft. apart over remaining length of bar. The

driving piece shall be placed midway between the supports and as

near the center of the bar as practicable, driving rod to be not over

sixteen (16) ft. in length. Connection from pipe line to driving piece

shall be as nearly parallel with the track as possible. The crank end of

connection rod shall be placed so as to stand not more than eight (8)

in. from outside of rail. Three holes shall be drilled in crank end

operating bar, and bar rod shall be connected to the inner hole. Where

rocker shafts are used they shall be made from two (2) in. square,

cold rolled steel with movable bearings and crank arms interchange-

able with leadout rocker shafts.

102. When bar overlaps switches, special rail braces shall be pro-

vided.

103. Each bar rod shall be equipped with a set of springs, clamps

and guide, and a special low pipe carrier.

SWITCH AND LOCK MOVEMENTS.

108. Switch and loci: movements shall be used for derails only, and

not more than one shall be connected to a lever.
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ADJUSTMENTS.

112. One D. p. adjusting screw shall be put in each pipe Hne

between the two foundations nearest the crank at switch and lock move-

ment and facing point lock.

Wire lines for distant signals shall be provided with two adjusting

screws to each wire—one in tower and one at base of signal pole.

Adjusting screws shall be provided for in each wire compensator.

113. Pipe adjusting screws shall be made of wrought-iron, with

right and left-hand thread, and be capable of giving an adjustment of

not less than six (6) in.

114. Wire adjusting screws shall be made of wrought-iron not less

than one-half (J/2) in. in diameter, with right and left-hand thread, and

shall be capable of giving an adjustment of not less than twelve (12) in

115. Switches, derails, movable frogs shall be provided with a

special adjustment riveted to the head rod.

116. Derails shall be open not less than three and one-half (314)

in. Lifting derails shall be open not less than five (5) in.

117. Switches and movable point frogs shall be open not less than

four (4) in.

118. Where bolt locks are used, screw jaws shall be placed in the

signal line on each side of the bolt lock.

SIGNALS.

125. The height of dwarf signal pole shall be such that the signal

arm should not stand more than one and one-half (15/2) ft. above

top of rail.

126. Semaphore arms on the same high pole shall be placed six

(6) ft. from center to center.

127. High signal arms should be made of well-seasoned, clear white

ash, or other material equally good. Dwarf signal arms should be made

flexible.

128. All high arm castings shall be capable of holding three glasses

six and one-half (6j/^) in. in diameter and one-quarter OA) in. in

thickness. The back light shall be two (2) in. in diameter. Dwarf

signal castings shall be capable of holding two glasses eight and three-

eighths (8^) in. in diameter and furnished with back glasses two (2)

in. in diameter when required.

129. Up and down rods for signals shall be guided every six (6)
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ft. and so connected to the semaphore that the arms will be pushed to

the clear position.

COUNTERWEIGHTS.

134. All signals shall be provided with counterweights to cause arm

to go to the horizontal position should a break occur in any connection.

Where signal poles are between tracks, the counterbalance lever shall

be set parallel with the tracks.

135. Counterweight lever shall incline downward at an angle of

forty-five (45) degrees to center line of arm when arm is in horizontal

position.

WIRE.

140. Signal wires shall be unannealed galvanized steel No. 9

B. W. G. gage (.150"). The wires shall be cylindrical, free from scales,

inequalities, flaws, splits and other imperfections and defects. Each coil

shall be one whole wire, without welded joints or splices, and shall

be at least five (5) ft. in diameter.

WIRE CONNECTIONS.

143. Where signals are wire connected, both front and back wires

shall be used, and the back wire shall have one and one-half (il^)

in. more stroke than the front wire. A counterbalance lever shall be

used for each arm.

144. Wire lines shall be placed not less than six (6) ft. from out-

side of rail, except where carried on foundations. They shall be carried

on pulleys placed not more than twenty-one (21) ft. from center to

center. Wire carriers shall be placed on stakes, except where they can

conveniently be placed on pipe carrier foundations. When wire carriers

are placed on foundations, a three (3) in. block shall be used to keep

wire ofif intervening foundations.

145. Where wire lines lead around curves the carriers shall be

placed at the proper angle so that the resultant force is at right angles

with the vvire.

146. Turns in wire lines shall be made around wheels with one-

quarter (%) in. chain.

WHEELS.

151. Chain wheels shall be ten (10) in. in diameter in all places

on main wire line, except leadout wheels and wheels on dwarf and

bracket poles, which may be six (6) in. in diameter. Not more than

three wheels are to be arranged in the same vertical line.
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WIRE CARRIERS.

158. Sheaves or wheels shall not be less than two (2) in. at

smallest diameter.

WIRE EYES.

162. Wire eyes shall be oval three-quarters (54) in. inside diam-

eter and two and one-quarter (2%) in. over all.

SPLIT LINKS.

165. Where split links are used the points shall be closed. They

shall not be used for splicing chain on wheels. They shall be made

from five-sixteenths (/g) in. steel, three-quarters-in. by one and one-

half (M^i/^) in. inside opening.

168. All lamps shall be of the purchasing company's standard

pattern.

FOUNDATIONS.

171. Pipe carrier foundations shall be of concrete, or malleable iron,

and have top of best white oak, two and one-half by eight (25/2x8) in.

Lumber to be surfaced on both sides. The top shall be fastened to

the foundation by two, one-half by ten (^xio) in. hook bolts.

172. All crank and wheel foundations shall be concreted three by

three by three (3x3x3) ft.

173. All L. J. compensators and dwarf signal foundations shall be

concrete three feet in depth, two and one-half feet in width and four

ft. in length (3x2^2x4).

174. All cranks, compensators and wheels shall be fastened to an

iron pier set in concrete, arranged with slot to hold three-quarters (^)

in. bolts. Plank to hold dwarf signals and deflecting bars to be fastened

in a similar manner.

175. Iron bracket poles shall be concreted four ft. in width, four

ft. in length and five ft. in depth (4x4x5).

176. Wood top shall be used only on pipe carrier and dwarf signal

foundations. Top of dwarf signal foundations to be four by twelve

(4x12) in., best white oak.

177. All foundations shall be concreted in such a manner that bolts

can be taken out of plank and apparatus at any time without injuring

and disturbing foundations.
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178. Crank and wheel foundations shall be set so that center line

of foundation will bisect angle made by connection.

179. All stakes shall be not less than three by four by four (3x4x4)

ft. with seven (7) in. point.

CONCRETE.

186. All sand shall be clean, sharp bank sand, free from loam

and vegetable matter.

187. Broken stone or gravel screenings used shall be not larger

than will pass through two (2) in. ring.

188. Artificial Portland cement shall be used, of best quality.

189. The stone and gravel used shall be perfectly clean and shall

be wet before mixing with mortar. Mortar and stone or gravel shall

be thoroughly mixed and used immediately after mixing. The mixture

should be thoroughly wet and damped as much as possible. For mortar

to be used in freezing weather add one pound of salt to each four

gallons of water used in mixing; but contractors must take all risks

in mixing concrete in freezing weather.

190. All foundations shall stand at least ten (10) days after concrete

work is done before being connected to apparatus.

PINS.

195. All pins shall be made of steel, machine turned, and provided

with cotters, and either have a square head or be provided with a

groove turned into the pin one-quarter (%) in. deep and one-quarter

(J4) i"- wide, three-eighths (^) in. from top, so a bar can be used

to lift the pin. The head shall have a flat surface on two sides opposite

to each other to allow application of a wrench.

196. Connecting pins for cranks, compensators, levers, selectors,

signals, bolt locks, switches, etc., shall be seven-eighths (Ji) in. in

diameter, and have a square head. Center pins for cranks, com-

pensators and switch and lock movements shall be one and one-quarter

{1%) in. in diameter. All center pins for cranks, compensators and

switch and lock movements must be supported at top.

BOLTS AND SCREWS.

200. All bolts shall have U. S. standard threads and standard square

heads and nuts.

201. All lag screws shall be standard, with square heads.
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202. Two one and one-half (ij^) in. No. 14 drive screws shall be

used to fasten each wire carrier to its foundation.

203. Six three-eighths by one-half (MxJ^) in. elevator bolts, with

head one and one-quarter (iJ4) '" ^^ diameter, shall be used to fasten

each high signal arm to casting.

204. Two one-quarter by one (%yii) in. bolts shall be used to

fasten each low signal arm to casting. A single plate washer one-

eighth by three-quarters (J^x^) in. shall be used under bolt heads.

205. Plate washers shall be used under bolt heads, nuts and heads

of lag screws where they would otherwise come in contact with wood.

PAINTING.

210. The machine shall be painted one priming coat and finished

with one coat of black, to and including the latch .':hoe. The levers

shall be painted three coats, as follows

:

All, except home and distant signal levers, black.

Distant signal levers, lawn green, or lemon yellow.

Home signal levers, vermillion.

211. When a lever is used for more than one purpose, it shall be

painted to correspond with the color? used on separate levers for same

purposes.

212. The unfinished part of latch handle inside shall be painted

same color as lever.

213. All painted parts of machine above the floor shall have one

coat of varnish.

214. The finished parts of the machine shall not be painted.

215. Signal arms shall be painted one coat of priming and two

finishing coats.

216. Signal poles shall be painted one coat of graphite for first coat

and two coats white and black for finishing coat. Under no circum-

stances must signal poles or any other iron work be painted or dipped

in tar or asphaltum.

217. All iron work, except detector bars, tie plates and iron founda-

tions, shall be painted two coats of graphite paint.

2x8. All chain and other iron work, not machine finished, shall be

dipped in graphite paint before being shipped.

219. The ends of all pipe shall be dipped one (i) ft. in graphite

paint before being shipped.

220. All boxing shall be painted one coat of metallic oxide paint.
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225. Boxing, when it is required, shall be made of good pine lum-

ber, surfaced on one side. Planks two by eight (2x8) in. shall

be used for the sides and tops, and, if necessary, one (i) in. rough

stuff for bottom. Boxing will be required at road crossings and streets

and over leadouts, switch and lock movements and selectors. All pipe

and wire lines shall be boxed for six (6) ft. from rail where they

cross tracks. When required, highway crossings shall be boxed with

four (4) in. oak for top and sides. Where wires cross highway they

must run in three-eighths (|^) in. galvanized pipe, provided with a

stuffing box in each end, pipe to be filled with black oil.
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AUTOMATIC BLOCK SIGNALS.

Your Committee submits diagrams showing the most approved

method of locating automatic signals and slotting or automatic control

of interlocking signals in automatic territory. In addition to this, the

most desirable conventions for automatic signal work and also for

interlocking signals. These conventions have been adopted as far as

they go, by the Railway Signal Association. Your Committee has

added some additional conventions for automatic work, and would

recommend that these conventions be adopted, as they are the general

conventions for work of this type.

Fig. I shows approved method of double-track junction at crossing

illustrating the method of installing the automatic signals and slotting

the interlocking signals on a plan of this type.

Fig. 2 shows the recommended method of location of automatic

signals on single track. The Committee recommends the use of inter-

mediate automatic signals and controlled manual block signals at sta-

tions automatically locked by track circuit; the intermediate automatic

block signals being intended for the spacing of trains running in the

same direction ; the automatic locking of control manual machines at

stations being intended to take care of trains in the opposing direction.

The plan of signals as shown in Fig. 2 can be adopted either in con-

junction with the control manual automatically locked system or on

single track as an adjunct to the telegraph block system for spacing

of trains and at the same time take care of opposing movements in

emergency.

Fig. 3 shows double-track interlocking with crossovers and ap-

proved method of location of automatic signals and the semi-automatic

control on interlocking signals.

Fig. 4 shows the most approved plan of signaling at crossovers

for a four-track road, illustrating the automatic and semi-automatic

features of control.

Fig. 5-A shows the approved plan of location of automatic signals

to be adopted when the distance between blocks is more than 6,ooo feet.

In this instance, as in all double and four-track installations, where the
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grades vary in opposing directions, the two tracks are signaled inde-

pendent of one another.

Fig. 5-B shows the two-arm signal plan to be adopted when dis-

tance between blocks is less than 6,000 feet.

Fig. 6 is a plan recommended by the Committee for a four-track

railroad location of automatic signals when gradient in opposite direc-

tion will not allow the signals to coincide and the two running tracks

are signaled independent of the running tracks in opposing direction.

Fig. 7 is a four-track arrangement recommended by the Committee

to be used in all cases when gradient will allow signals to coincide.

Fig. 8 is a plan recommended for eight-track arrangement of auto-

matic signals, it being assumed that the gradient is equal in both

directions.

Fig. 9 shows plan of automatic three-position upwardly inclined

signals on double track recommended for consideration by the Com-

mittee. Economy of signals and perfect indications are clearly demon-

strated by this figure.

Fig. 10 shows the application of three-position upwardly inclined

signals on four-track interlocking. The Committee wishes particularly

to call attention to the fact that the home signal, track No. i, shows

caution indication for the semi-automatic signal in advance.
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CONVENTIONS.

I Two-Position Mechanical Interlocking Home Signal.

F
I Two-Position Mechanical Interlocking Distant Signal.

H Two-Position Mechanical Interlocking Dwarf Signal.

r

r

r

r

r

r

Three- Position Mechanical Interlocking Home Signal.

Three-Position Mechanical Interlocking Distant Signal.

Two-Position Semi-Automatic Interlocking Home Signal.

Two-Position Semi-Automatic Interlocking Distant Signal.

Three-Position Semi-Automatic Interlocking Home Signal.

Three-Position Semi-Automatic Interlocking Distant Sig-

nal.
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r
r
r
r

r

r

r

r

Two-Position Slotted Interlocking Home Signal.

Two-Position Slotted Interlocking Distant Signal.

Three-Position Slotted Interlocking Home Signal.

Three-Position Slotted Interlocking Distant Signal.

Two-Position Automatic Home Signal.

Two-Position Automatic Distant Signal.

Three-Position Automatic Home Signal.

Three-Position Automatic Distant Signal.

• Ground Route Signal.

f
L Suspended Dwarf Signal.

^F Pot Signal.
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X Circuit Controller on Lever, Mechanical Interlocker, nor-

mally open.

• •

• Circuit Controller on Lever, Mechanical Interlocker, nor-

mally closed.

fl ti Direct Current Relays, common.

Jt

Direct Current Relays, polarized.

Direct Current Relays, Semaphore Indicator.

tt

ti

Direct Current Relays, pole changing.

Direct Current Relavs, differential.

r
TOWER INDICATORS.

Semaphore, Disc. Stop When Energized.

T" Semaphore, Disc. Proceed When Energized.

r Signal Repeater. Stop or Proceed When Energized.
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? ?

Semaphore, Disc. With Bell.

Disappearing Disc.

SWITCH INDICATORS.

Semaphore, Disc. With Switchbox.

Semaphore, Disc. Without Switchbox.

ELECTRIC LOCK AND INDICATING CIRCUIT CONTROLLER.

r

1^
r

Hand Operated.

For Mechanical Interlocker, Operated from Quadrant of

Lock.

-f^'

S

BATTERY HOUSES.

Above Surface.

Below Surface.

Half Above Surface.
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L|(J

'Track Battery.

Battery Chute, Relay Box and Post. Left figure indicates

Capacity of Chute ; Right figure capacity of Relay

Box.

T
Relay Box and Post. Figure indicates capacity.

Battery Chute. Figure indicates capacity.

ti
Electric Lock.

'l
r Battery Cupboard.

oxf o
Switch Box.

InJ
Spring Screw Release.

Switch Bell.

X Switch Box Location.
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Crossing Bell.

o

Relay Box. Figure indicates capacity.

"^ ^ Short Track Circuit.
t= =d

Circuit on Right Only, Insulated Joints.

! Circuits Right and Left.

n

n
V-

Signal Circuit Breaker (Closed).

Signal Circuit Breaker (Open).

Circuit Switch.

y/ Floor Push.

SPRING HAND KEYS.

-»3t Normally Closed.

Normally Open.

•
*J-

Normally Open or Closed.
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+
Bell.

Wires Cross.

Wires Join.

Lightning Arrester.

Pole Changing Switch.

Ground.



522 SIGNALING AND INTERLOCKING.

DEFINITIONS.

Block.—A length of track of defined limits, the use of which

by trains is controlled by block signals.

Block Station.—A place from which block signals are oper-

ated.

Block Signal.—A fixed signal controlling the use of a

block

Home Block Signal.—A fixed signal at the entrance of a

block, to control trains in entering and using said block.

Distant Block Signal.—A fixed signal used in connection

with a home block signal or a home and advance block

signal to regulate the approach thereto.

Advance Block Signal.—A fixed signal used in connection

with a home block signal to divide the block in advance.

Block System.—A series of consecutive blocks.

Telegraph Block System.—A block system in which the

signals are operated manually, upon information by tele-

graph.

Controlled Manual Block System.—A block system in

which the signals are operated manually, and so con-

structed as to require the co-operation of the signalman

at each end of the block, respectively, to display a clear

signal.

Automatic Block System.—A block system, in which the

signals are operated by electric, pneumatic, or other

agency, actuated by train or by certain conditions affecting

the use of a block.

Mast.—The upright to which the signals are directly attached.

Absolute Block System.—One in which only one train at a time is per-

mitted to occupy the block. (Southern Pacific.)

Arm Casting.—That part of the arm supported by the signal mast, which,

by rotation on its axis of support, gives the night signal indications.

Arm Sweep.—The segment of a circle defining the limits of movement of

the arm.
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Arm.—The movable arm pivoted to the signal mast, and by the position

of which the indications are given.

Blade.—That part of the arm which, by its form and position, gives the

day signal indications.

Bracket Post.—An arrangement of main post with cross-beam, upon

which is placed one or two masts for carrying the signal arms, the

arrangement of masts determining which track or tracks the signals

govern.

Chain Wheel. A device used for changing the direction of a wire line.

Compensator.—A device placed in a pipe or wire line for automatically

maintaining a constant length of line under changes of temperature.

Crank.—A device used for changing the direction of a pipe line.

Crank Stand.—The frame in which cranks are supported.

Cross Locking.—A variable shaped block or bar running crosswise of the

interlocking machine, actuated by the movements of the locking dog,

and by means of which connection is effected between the levers.

Detector Bar.—A bar placed at a switch alongside of and normally below

the top of rail, operated in connection with a facing point lock, derail-

ing device or crossing switch, or so that its operation, and conse-

quently that of the lock, will be prevented by the presence of any

of the wheels of the train.

Electric Slot.—An appliance for automatically disengaging the signal

arm connection from its actuating lever, returning signal arm to

"stop."

Foundation.—A fixed support, usually set in the ground, for carriers,

cranks, compensators, wheels, signals and other like devices.

Interlocking Function.—Any signal, switch, movable point frog, derail,

lock, crossing bar or other device of an interlocking plant operated

separately or in combination.

Interlocking Machine.—The primary operating or controlling mechan-

ism of an interlocking plant, placed in the interlocking station, and in

which the interlocking feature is effected.

Interlocking Plant. An arrangement of switch, lock and signal appli-

ances so interconnected or interlocked that one movement must suc-

ceed another in a predetermined order.

Interlocking Signals.—The fixed signals of an interlocking plant.

Interlocking Station.—A place from which an interlocking plant is

operated.

Jaw.—A device attached to pipe line for connecting same with machine,

crank, compensator, or any other device designed for pipe operation.
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Leadout.—The combination of cranks, wheels, rocking shafts, pipes and

wire, etc., inside and outside of interlocking station by which connec-

tions are made between machine and pipe runs.

Lever.—That part of an interlocking machine whose movement effects

the operation of its function.

Locking.—The combination of locking dogs and cross-locking or locking

dogs and tappets by means of which interconnection is effected

between the levers and the order of movement determined.

Locking Bar.—A bar running lengthwise in the interlocking machine to

which the locking dogs are attached.

Locking Dog.—A variously shaped block attaclied to locking bar and

through which the interlocking is accomplished.

Permissive Block System.—One in which two or more trains may

occupy a Ijlock at once.

Pipe Carrier.—A frame with roller support for the pipe line.

Pipe Run.—The assemblage of the pipe lines of an interlocking plant,

with their carriers and foundations, in a common course.

Rocking Shaft.-—A rotating shaft with arms, used for changing the

line of motion from one plane to another, perpendicular to the axis

of the shaft ; also used at slip switches for operating several de-

tector bars and locks.

Route.—A course or way taken by a train in passing from one point

to another, especially a customary or predetermined course, or any

one of several possible combinations of turnouts or crossovers by

which a train may travel between two places.

Si:maphore Signal.—A device consisting of a movable arm attached to

a mast, the indications being given by the position of the arm.

Screw Jaw.—A threaded jaw used for the purpose of adjustment.

Spectacle.—See "Arm Casting."

Tappet.—a. (In machine with vertical locking.) A bar operated di-

I . rectly or indirectly by the lever or lever latch, which actuates or

drives the locking bars and is locked by them.

'., b. (In Saxby & Farmer machine.) A pivot or swing dog at-

tached to the locking bar, and actuated or locked by the cross-

locking.

Wire Carrier.—x\ frame with roller support for the wire line.

Wire Run.—The assemljlage of the wire lines of an interlocking plant,

w^ith their carriers and foundations, in a common course.
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RESULT OF LETTER-BALLOT RELATING TO THE QUESTION
OF ANGLE TRAVEL OF SEMAPHORE ARM FOR

BLOCK AND INI ERLOCKING SIGNALS.

No.

Railroad. Name and Title.

Baltimore & Ohio D. D. Carothers, Ch. Eng.
Baltimore & Ohio L. G. Curtis, Div. Eng.
Baltimore & Ohio O. Rickert, Div. Eng-.
Baltimore & Ohio H. R. Talcott, Eng. of Survevs.
Baltimore & Ohio Southwestern Earl Stimson, Eng. M. of Way.
Bessemer & Lake Erie H. T. Porter, Ch. Eng.
Boston & Maine J. P. Snow, Bridge Eng.
Buffalo & Susquehanna H. C. Landon, Eng. M. of Way.
Canadian Pacific W. A. James, Div. Eng.
Central of Georgia Henry M. Steele, Ch. Eng.
Chicago & Eastern Illinois R. McCalman, Div. Eng.
Chicago & Western Indiana E. H. Lee, Chief Eng.
Chicago, Indianapolis & Louisville A. S. Kent, Div. Eng.
Cleveland, Cincinnati, Chicago & St. Louis.. Paul Hamilton, Eng. M. of Wnv.
Cincinnati Northern W. D. Williams, Ch. Eng.
Duluth, Missabe & Northern W. A. McGonagle, Vice-Prest.
Duluth, South Shore & Atlantic ( •,, t-> oi™^,. a^h„„ n>h -tnv,„

Mineral Range \^- ^- Simar, Actmg Ch. Eng.

Elgin, Joliet & Eastern A. Montzheimer, Ch. Eng.
El Paso & Southwestern J. L. Campbell. Eng. M. of Way.
Great Northern J. R. W. Davis, Eng. M. of Way.
Halifax & Southwestern L. H. Wheaton, Ch. Eng.
Kansas City, Mexico & Orient E. Dickinson, Gen. Mgr.
Kansas City Southern A. F. Rust, Res. Eng.
Mexican Southern W. L. Morkill, Gen. Mgr.
Midland Valley P. A. Molitor, Ch. Eng.
Minneapolis & St. Louis I „ p, -k-^u^,. nv, iT'ncr

Iowa Central )

H- ^- Kelley, Ch. Eng.

Nashville, Chattanooga & St. Louis J. W. Thomas, Prest.-Gen. Mgr.
Nashville, Chattanooga & St. Louis Hunter McDonald, Ch. Eng.
Nashville, Chattanooga & St. Louis G. D. Hicks, Supt.
Nashville, Chattanooga &. St. Louis I. O. Walker, Asst. Eng.
Norfolk & Western Chas. S. Churchill, Ch. Eng.
Ohio River & Columbus Geo. C. Millet, Gen. Supt.
St. Louis & San Francisco J. F. Hinckley, Ch. Eng.
St. Louis & San Francisco C. D. Purdon. Eng. M. of Way.
St. Louis & San Francisco J. V. Hanna, Asst. Eng. M. of W.
Southern Railway C. P. Adams, Supt. Tel.
Spokane International J. H. Abbott, Bridge Eng.
Union Railroad E. C. Brown, Eng. M. of Way.
Wabash F. A. Delano, Prest.
A. Q. Campbell Prest. Hogansville Quarry Co.
W. B. Hanlon Civil and Mining Engineer.
C. Lewis Civil Engineer.

Total for No. 1—42.
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No. 2

Clear.

Stop.

Railroad. Name and Title.

Atlantic & Birmingham Alex. Bonnyman, Ch. Eng.
Baltimore & Ohio John R. Leighty, Div. Eng.
Bessemer & Lake Erie E. J. Randall, Prin. Asst. Eng.
Chicago & Alton C. S. Ells, Asst. Eng.
Chicago, Burlington & Quincy L. F. Goodale. Eng. M. of Way.
Chicago Junction J. B. Cox, Ch. Eng.
Chicago, Rock Island & Pacific J. B. Berry, Ch. Eng.
Chicago, Rock Island & Pacific G. E. Ellis, Signal Eng.
Cleveland, Cincinnati, Chicago & St. Louis.. O. E. Selby, Bridge Eng.
Erie A. G. Norton, Res. Eng.
Grand Trunk Pacific H. A. Woods. AsFt. Ch. Eng.
Kansas City Belt Geo. M. Walker, Jr., Asst. Eng.
Kansas City, Mexico & Orient M. P. Paret, Ch. Eng.

, Lehigh Valley .Walter G. Berg, Ch. Eng.
Lehigh Valley E. B. Ashby, Eng. M. of Way.
Lehigh Valley F. E. Schall, Bridge Eng.
Mexican Central E. S. Banks, Supt.
Minneapolis & Rainy River A. L. Davis, Ch. Eng.
New York, New Haven & Hartford E. H. McHenry, Vice-Prest.
Philadelphia & Reading F. S. Stevens, Supt.
Philadelphia & Reading J. E. Turk, Supt.
Philadelphia & Reading C. H. Ewing, Eng. M. of Way.
Southern B. C. Milner, Supt.
Texas Midland L. W. Wells, Ch. Eng.
Wabash J. E. Taussig, Ter. Supt.
Wisconsin & Michigan B. C. Gowen, Ch. Eng.

Total for No. 2—26.
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No. 3

Clear.

Stop.

Railroad.

Detroit & Maclcinac . .

.

Total for No. 3—1.

Name and Title.

, H. S. "Waterman, Ch. Hng.

No. 4

Clear.

Stop.

Railroad. Name and Title.

Canadian Pacific A. L. Buck, Asst. Eng.
Central of Georgia J. C. Gray, Asst. Eng.
Missouri Pacific H. Rohwer, Consulting Eng.
Missouri Pacific B. H. Mann, Signal Eng.
New York Central & Hudson River H. S. Balliet, Eng. M. of Waj'.
New York, New Haven & Hartford W. H. Moore, Bridge Eng.
Norfolk & Southern F. L. Nicholson, Eng. M. of Way.
San Francisco «Se Northwestern H. C. Phillips, Ch. Eng.

F. W. Ranno, Civil Engrineer.

Total for No. 4—9.
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No. 5

Clear.

Railroad. Name and Title.

Alabama Great Southern J. C. Nelson, Div. Eng
Baltimore & Ohio John Ware, Div. Eng-.
Chicago & Alton W. B. Causey, Eng. M. of Way.
Chesapeake & Ohio H. Pierce, Eng. of Construction.
Colorado & Southern H. W. Cowan, Ch. Eng.
New York, Ontario & Western C. E. Knickerbocker, Eng. M. W.
Oregon Short Line William Ashton, Ch. Eng.
Peoria & Pekin Union C. Millard, Prest.
Santa Fe, Prescott & Phoenix W. A. Drake, Gen. Supt.
Southern Pacific (Pacific System) J. H. Wallace, Eng. M. of Way.
A. L. Bowman Consulting Eng.
W. M. Camp Editor Railway Review.
Jno. H. Fine Consulting Eng.

Total for No. 5—13.
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No. 6

Caution

Railroad. Name and Title.

Atchison, Topeka & Santa Fo James Dun, Chief Eng. System.
Atchison, Topeka & Santa Fo E. O. Faulkner, Mgr. T. & T.Dpt.
Atchison, Topeka & Santa Fe A. F. Robinson, Bridge Eng.
Atchison, Topeka & Santa Fe Thomas S. Stevens, Signal Eng.
Pacilic C. H. Bycrs, Asst. Eng.

Total for No. 6—5.

34
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No. 7

Railroad. Name and Title.

Baltimore & Ohio H. E. Hale, Eng. M. of Way.
Baltimore & Ohio J. B. Jenkin.s, Asst. Eng.
Cleveland, Cincinnati, Chicago & St. Louis.. Geo. W. Kittredge, Chief Eng.
Cleveland, Cincinnati, Chicago & St. Louis.. L. S. Rose, Eng. M. of Way.
Cleveland, Cincinnati. Chicago & St. Louis.. H. H. Knowlton, Asst. Eng.
Chicago & Northwestern F. H. Balnbridge, Asst. Ch. Eng.
Chicago & Northwestern J. A. Peabody, Signal Eng.
Chicago, Milwaukee & St. Paul C. F. Loweth, Eng., Supt. B. & B.

Chicago, Milwaukee & St. Paul L. R. Clausen, Signal Eng.
Chicago, Rock Island & Pacific J. G. Bloom, Eng. M. of Way.
Erie Francis Lee Stuart, Ch. Eng.
Franklin & Clearfield F. E. Bissell, First As. Eng.
Grand Trunk K. J. C Zinck, Asst. Eng.
Great Northern Charles A. Dunham, Signal Eng.
Gila Valley, Globe & Northern C. C. Mallard, Supt.
Illinois Central L. C. Fritch, Asst. to Gen. Mgr.
Illinois Central W. A. D. Short, Signal Eng.
Louisville & Nashville J. F. Burns, Roadmaster.
Michigan Central J. C. Mock, Electrical Eng.
Pennsylvania R. R J. T. Richards, Ch. Eng. M. W.
Pennsylvania R. R W. S. Thompson, Asst. Eng.
Pennsylvania R. R A. H. Rudd, Asst. Signal Eng.
Pennsylvania Lines West Thos. Rodd, Ch. Eng.
Pennsylvania Lines West . . W. C. Gushing, Ch. Eng. M. W.
Pennsylvania Lines West R. Trimble, Ch. Eng. M. W.
Pennsylvania Lines West E. G. Ericson, Principal As. Eng.
Pittsburg & Lake Erie J. A. Atwood, Ch. Eng.
Pittsburg & Lake Erie A. R. Raymer, Asst. Ch. Eng.
Pittsburg & Lake Erie Edwin F. Wendt, Asst. Eng.
Vandalia Maurice Coburn, Eng. M. of W.
H. G. Prout Gen. Mgr. Union S. & S. Co.
G. H. Scribner, Jr Contracting Eng.

Total for No. 7—32.
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RESULT OF LETTER-BALLOT ON THE QUESTION OF UP-
WARDLY INCLINED ARM.

Railroad. Name and Title. For. Against.
Alabama Great Southern J. C. Nelson, Div. Ens x
Atlantic & Birmingliam Alex. Bonnyman, Cli. Eng x
Atchison, Topeka & Santa Fe...James Dun, Ch. Eng x
Atchison, Topeka & Santa Fe...E. O. Faulkner, Mn. Tim. Dept. x
Atchison, Topeka & Santa Fe...A. F. Robinson, Pr. Eng x
Atchison, Topeka & Santa Fe.. Thos. S. Stevens, Sig. Eng x
Baltimore & Ohio D. D. Carothers, Ch. Eng x
Baltimore & Ohio H. E. Hale, Eng. M. W x
Baltimore & Ohio L. G. Curtis, Div. Eng x
Baltimore & Ohio O. Rickert, Div. Eng x
Baltimore & Ohio John Ware, Div. Eng x
Baltimore & Ohio J. R. Leighty, Div. Eng x
Baltimore & Ohio H. R. Talcott, Eng. Sur x
Baltimore & Ohio J- B. Jenkins, Asst. Eng x
Bal. & Ohio Southwestern Earl Stimson, Eng. M. W x
Bessemer & I^ake Erie H. T. Porter, Ch. Eng x
Bessemer & Lake Erie E. J. Randall, Prin. Asst. Eng. x
Boston & Maine J- P- Snov^^, Br. Eng.. x
Buffalo & Susquehanna H. C. Landon, Eng. M. W x
Canadian Pacific W. A. James, Div. Eng x
Canadian Pacific A. L. Buck, Asst. Eng x
Central of Georgia H. M. Steele, Ch. Eng x
Central of Georgia J- C. Gray, Asst. Eng x
Chesapeake & Ohio H. Pierce, Eng. Con x
Chicago & Alton W. B. Causey, Eng. M. W x
Chicago & Alton C. S. Ells, Asst. Eng x
Chicago & Eastern Illinois R- McCalman, Div. Eng x
Chicago & N. W F.H. Bainbridge, Asst. Ch. Eng. x
Chicago & N. W J. A. Peabody, Sig. Eng x
Chicago & Western Indiana E. H. Lee, Ch. Eng x
Chicago, Indiana & Louisville. .

.A. S. Kent, Div. Eng x
Chicago, Burlington & Quincy..!^- F. Goodale, Eng. M. M . . . . x
Chicago Junction J. B. Cox, Ch. Eng x
Chicago, Mil. & St. Paul C. F. Loweth, Eng. Br. & B... x
Chicago, Mil. & St. Paul L- R- Clausen. Sig. Eng x
Chicago, Rock Island & Pacific. .J- B. Berry, Ch. Eng x
Chicago, Rock Island & Pacific. .J- G. Bloom, Eng. M. W x
Chicago, Rock Island & Pacific. .G- E. Ellis, Sig. Eng x
Clev., Cin., Chicago & St. I> G. W. Kittredge, Ch. Eng x
Clev., Cin., Chicago & St. L L- S. Rose, Eng. M. W x
Clev., Cin., Chicago & St. I Paul Hamilton, Eng. M. W x
Clev., Cin., Chicago & St. L H. H. Knowlton, Asst. Eng... x
Clev., Cin., Chicago & St. L O. B. Selby, Bridge Eng x
Cincinnati Northern W. D. Williams, Ch. Eng x
Colorado & Southern H. W. Cow^an, Ch. Eng x
Detroit & Mackinac H- S- Waterman, Ch. Eng x
Duluth, Miss. & Northern W. A. McGonagle, Vice-Prest.. x
Duluth S. S. & Atlantic V. D. Simar, Act. Ch. Eng x
Elgin, Joliet & Eastern A. Montzheimer, Ch. Eng x
El Paso & S. W J- L- Campbell. Eng M. W x
Erie F. L. Stuart, Ch. Eng x
Erie A. G. Norton, Res. Eng x
Great Northern J- R. W. Davis, Eng. M. W... x
Great Northern C. A. Dunham, Sig. Eng x
Grand Trunk Pacific H. A. Woods, Asst. Ch. Eng.. x
Franklin & Clearfield F. B. Bissell. First Asst. Eng. x
Gila Valley, G. & Nor C. C. Mallard, Supt x
Halifax & S. W L. H. Wheaton, Ch. Eng x
Illinois Central L. C. Fritch, Asst. to G. Man. x
Illinois Central W. A. D. Short, Sig. Eng x
Kansas Citv Belt G. M. Walker, Jr., Asst. Eng.. x
Kansas Citv, Mex. & O B. Dickinson, Gen. Man x
Kansas City, Mex. & O M. P. Paret, Ch. Eng x
Kansas City Southern A. F. Rust, Res. Eng x
Lehigh Valley Walter G. Berg, Ch. Eng x
Lehigh Valley E. B. Ashby, E. M. W x
Lehigh Valley F. E. Schall, Br. Eng x
Louisville & Nashville J. F. Burns, R. M x
Mexican Southern W. L. Morkill. Gen. Man x
Mexican Central B. S. Banks, Supt x
Michigan Central T. C. Mock, Blec. Eng x
Midland Valley F. A. Molitor, Ch. Eng x
Minn. & R. R A. L. Davis, Ch. Eng x
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LET'J'ER-BALLOT ON UPWARDLY INCLINED ARM—
(CONTINUED.)

Railroad. Name and Title. For. Against.

Minn. & St. I^ouis H. G. Kelley, Ch. Eng x
Missouri Pacific H. Roliwer, Con. Eng x
Missouri Pacific B. H. Mann, Sig. Eng x
Nasla., Chatta. & St. I.ouis J. W. Thomas, Pres. & G. M. x
Nash., Chatta. & St. Louis Hunter McDonald, Ch. Eng... x
Nash., Chatta. & St. Louis G. D. Hicks, Supt x
Nash., Chatta. & St. Louis I. O. Walker, Asst. Eng x
N. Y. C. & H. R H. S. Balliet, E. M. VV x
N. Y., N. H. & H E. H. McHenry, V.-P x
N. Y., N. H. & H W. H. Moore, Br. Eng x
N. Y., O. & W C. E. Knickerbocker, B. M. W. x
Norfolk & Southern F. L. Nicholson, E. M. W x
Norfolk & Western C. S. Churchill, Ch. Eng x
Ohio River & Columbus G. C. Millett, Gen. Supt x
Oregon Short Line Wm. Ashton, Ch. Eng x
Pacific *E. J. Peajson, Ch. Eng
Pacific C. H. Byers, Asst. Eng x
Pennsylvania J. T. Richards, Ch. Eng x
Pennsj'lvania W. S. Thompson, Asst. Eng... x
Pennsylvania A. H. Rudd, Asst. Sig. Eng.... x
Penna. Lines Thos. Rodd, Ch. Eng x
Penna. Lines W. C. Gushing, Ch. B. M. W. . x
Penna. Lines R. Trimble, Ch. E. M. W x
Penna. Lines E. G. Ericson, Prin. Asst. Eng. x
Peoria & Pekin Union C. Millard, Prest x
Philadelphia & Reading J. E. Turk, Supt x
Philadelphia & Reading ' C. H. Ewing, E. M. W
Philadelphia & Reading F. S. Stevens, Supt x
Pittsburg & Lake Erie J. A. Atwood, Ch. Eng x
Pittsburg & Lake Erie A. R. Raymer, Asst. Ch. Eng.. x
Pittsburg & Lake Erie Edwin F. Wendt. Asst. Eng... x
St. Louis & San Francisco J. F. Hinckley, Ch. Eng x
St. Louis & San Francisco C. D. Purdon, E. M. W x
St. Louis & San Francisco John V. Hanna, Asst. E. M. W. x
San Francisco & N. W H. C. Phillips, Ch. Eng x
Santa Fe, Prescott & Phoenix.. W. A. Drake, Gen. Supt x
Southern B. C<- Milner, Supt x
Spokane International J. H. Abbott, Bridge Eng x
Southern Pacific J. H. Wallace, E. M. W x
Texas Midland L. W. Wells, Ch. Eng x
Union Railroad of Pittsburg. ... E. C. Brown, E. M. W x
Vandalia Maurice Coburn, E. M. W x
Wabash F. A. Delano, Prest x
Wabash J. E. Taussig, Supt. Ter x
Wisconsin & Michigan B. C. Gowen, Ch. Eng x

A. L. Bowman, Consulting Engineer x
W. M. Camp. Editor Railway Review x
A. Q. Campbell, Prest. Hogansville Quarry Co x
.John H. Fine, Consulting Engineer x
W. B. Hanlon, Civil and Mining Engineer x
C. Lewis, Civil Engineer x
H. G. Prout, Gen. Man. Union Switch & Signal Co x
F. W. Ranno, Civil Engineer x
G. H. Scribner, Jr., Contracting Engineer x

SUMMARY.

In favor of Fig. No. 1 42
In favor of Fig. No. 2 26
In favor of Fig. No. 3 1

In favor of Fig. No. 4 9
In favor of Fig. No. 5 13
In favor of Fig. No. G 5
In fa^'or of Fig. No. 7 32
In favor of upwardly inclined arm 53
A gainst upwardly inclined arm 72

''For a modified form of No. 7.



DISCUSSION.

The President :—The chairman of the Committee asks that the con-

vention take up for consideration, first, the specifications for the con-

struction of telegraph block signal and connections, on page 9, of

Bulletin No. TZ- The Secretary will read the specifications item by

item, and discussion can be had on any of them as they are read, or

after he has finished reading the entire list.

The Secretary:
—"Workmanship. (T) All material and workman-

ship must be of the best, and subject to the approval of the Signal

Engineer.

"Strength. (2) All parts must be properly proportioned for

strength.

"Plans. (3) All plans furnished by the Railroad Company must

he considered a part of these specifications, and must not be departed

from except by permission of the Signal Engineer.

"Lever Type. (4) Operating machine must be of the lever type

and of approved design.

"Locking. (5) Locking, when required for distant signals, must

be of the latch or preliminary type. All wearing parts shall be of cold

rolled steel, and all bolts provided with jamb nuts or cotters.

"Separate Foundation. (6) The machine must be substantially

placed in a suitable block station, and supported on a separate founda-

tion, not connected with the building in any way. This foundation must

be m.ade of white oak. long-leaf yellow pine, or steel.

"Size of Parts. (7) There must be no difference in the size of

corresponding parts for large and small machines.

"Throw of Levers. (8) All the levers in a machine must have an

equal uniform throw.

"Position of Levers. (9) Machine levers must be numbered from

left to right ; generally, the levers must be placed in the machine cor-

responding to signal operated. Distant signal levers, when used, must

be outside of home signal levers, at ends of machine.

"Signal Connections. (10) Home signal connections must be made
by means of pipe runs.

"Pipe Material. (11) Pipe lines must be made of galvanized iron

pipe, one inch (i") inside diameter, and coupled with sleeves, plugs

and rivets. One end of each length of pipe must not be punched for

rivet until pipe is screwed together on the ground.

533
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"Position of Pipe Runs. (12) Pipe runs must be straight, when
l)ossible, and must be placed not nearer than three feet (3') from outside

of rail. They must be laid two and three-quarters inches (2^.") between

centers, and so arranged that the shortest line will be next to the rail.

Pipe lines must be supported on carriers placed not more than seven feet

(7') apart; top of pipe lines must be one and one-half inches (1^/2") above

base of rail, except across tracks, where they must be one inch d")
below base of rail.

"Pipe Carriers. (13) Pipe carriers must be made of malleable iron,

with sheaves not less than two and a quarter inches (2%") in least

diameter.

"Couplings. ( 14) Couplings in pipe lines must be placed not nearer

tb.an twelve inches (12") to a pipe carrier when the lever is in the center.

"Sleeves. (15) Sleeves for pipe couplings must be made of

wrought-iron, and not less than two and a quarter inches {2%") in length.

"Plugs. (16) Plugs for pipe couplings must be made of wrought-

iron, one inch (i") in diameter and six inches (6") long. They must be

drilled for quarter-inch (54") rivets, spaced four inches (4") center to

center, and one inch (i") from each end.

Mr. C. H. Ewing (Philadelphia & Reading):—I think, in this con-

nection, we ought to have a little discussion on plugs. I note that

one-inch rivets six inches in length are recommended. My attention

has been called to this matter recently on account of the failure of a

coupling, and it is a grave question in my mind as to whether or not

we ought to have a longer plug and two rivets. I think we ought to

have some discussion on this. Has the chairman of the Committee

anything to say upon this subject?

Mr. Chas. A. Dunham (Great Northern) :—The Committee is of

the opinion that one plug and two rivets are sufficient. "Bearing for

ligh^ surface" might be added.

The President:—Any suggestions upon the remarks of Mr. Ewing?

The Secretary:
—
"Cranks—Construction. (17) Cranks must be

made of wrought-iron, and mounted in a cast or mallealle iron stand.

The top of the center pin must, in all cases, be supported. All crank

stands must be provided with lugs, to prevent center pins from turning

in stands. No more than two cranks shall be placed on the same center.

"Crank Arms. (18) .\11 cranks, except those used in box or ver-

tical stands, must have arms not less than eleven and three-quarters inches

(11^") in length.

"Solid Jaws. (19) Solid jaws must be made of wrought-iron.

They must be seventeen inches (17") long from center of pin hcle to

end of body; opening between sides of jaws must be straight for not

less than three inches (3") from center of pin hole.

"Screw Jaws. (20) Screw jaws must be made of malleable or

wrought-iron; opening between sides of jaws must be straight for not

less than five inches (5") from center of pin hole, and thread in solid end

must be at least one and one-half inches {1V2") in length. Body must not
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be less than twelve inches (12") long, with thread cut half its length.

"Jaw Bodies. (21) Bodies of all jaws must be one and a quarter

inches (1%") in diameter, with tang and thread for coupling to pipe. Tang
must be four inches (4") long and ore inch (i") in diameter.

"Bends. (22) Bends must not be made in pipe, but in cranks,

jaws, or an iron rod, one and one-quarter inches dM") 'ii diameter,

placed in the pipe two and one-half inches (2VI") between any two sup-

ports. There must be no bends made in cranks without special per-

mission.

"Compensators. (23) (See page 297. \^ol. 4, Proceedings Am. Ry.

Eng. & M. of W. Association.)

"(Lazy Jack) Compensators must be used. They must be made of

wrought-iron and mounted on cast-iron stands, but no more than one

compensator shall be placed on a stand or foundation. Inside crank

arms must be ten and one-eighth inches (lo^^") in length, outside to be

thirteen inches {13") from center to center of pin holes. Top of crank

pins must be supported. All compensator stands must be provided with

lugs to prevent center pins from turning in stands."

The President :—The reference made to page 297, Volume 4, Pro-

ceedings of the Association, refers to the diagram which is found in the

Proceedings and also in the Manual.

The Secretary:
—

"Pipe Adjustment. (24) Means of adjustment

must be provided for each line of pipe.

"Screw Jaw. (25) Lines to home signals must have a screw jaw

in end of line next to function operated ; lines to distant signals must

have a screw jaw at each end (when pipe connections are used).

"Foundations of Concrete. (26) All foundations must be made in

accordance with standard plans. In general, foundations should be made
of concrete.

"Leadout Foundations. {27) Leadout foundation inside and im-

mediately outside of tower must be made of twelve-inch by five-inch oak,

securely bolted to rails, set in tower foundation walls.

"Crank Stand Fastening. (28) Four (4) three-quarters-inch (^")

bolts must be used to fasten each crank stand, or compensator stand, to

its foundation.

"Pipe Carrier Fastening. (29) Two (2) three and one-eighth inch

by two inch (3V^"x2") lag screws must be used for fastening each pipe

carrier to its foundation.

"Pins—Material. (30) All pins must be made of steel, machine

turned, and provided with cotters.

"Pins—Size. (31) Connecting pins for jaws, cranks, etc.. must
be not less than seven-eighths inch (Ji") in diameter; center pins for

bell cranks must be not less than one and one-fourth inches (il4") in

diameter.

"Washers. (32) Plate washers must be used under nuts and under

the heads of bolts and lag screws, where they would be otherwise in

contact with wood.



536 SIGNALING AND INTERLOCKING.

"Highways. (33) When required, highway crossings must be

boxed with four-inch (4") oak plank.

"High Signals. (34) High signals, where practicable, must not be

closer than seven feet (7') to the outside of rail.

"Signal Blade Material. (35) Signal blades must be made of

white ash.

"Signal Masts. (36) Signal masts must be made of iron and set

on or in concrete.

"Bracket Posts. (37) Bracket posts may be either pipe or lattice

construction ; the bracket, or cross-arm, must be not less than twenty

feet (20') clear above top of rail.

"Ladders. (38) All signal masts must be provided with ladders,

bolted to post at top, and at bottom to a one-way pipe carrier founda-

tion set in the ground.

"Stub's. (39) Short uprights or stubs seven feet (7') long must

be used to indicate each track that is not signaled from the bracket,

and which intervenes between the bracket post and the farthest track

signaled. The stub must be placed not less than six feet six inches

(6' 6") from the adjacent signal mast.

"Location of Masts on Bridges. (40) On signal bridges, masts for

carrying signals must be placed vertically over the right-hand rail of

the track governed. Bridges must be made according to standard plans,

and not less than twenty-one feet (21') in the clear from top of rail.

"Height of arms. (41) Arms must be not less than twenty-five

feet (25') above the base of rail. On bracket posts, or bridges, the

arm must be not less than seven feet (7') above top of bracket or

bridge.

"Size of Blades. (42) Blades must be four feet six inches (4' 6")

in length from center of casting to outer end. They must be seven

inches (7") wide at the arm grip, and ten inches (10") wide at the

outer end. Stops for the danger and safety positions must be provided

in the center casting."

Mr. A. R. Raymer (Pittsburg & Lake Erie) :—Referring to para-

graph 42, it is not evident whether the wooden blade tapers through

the casting or not. "They must be 7 in. wide at the arm grip and

10 in. wide at the outer end." I want to know whether the seat in the

casting tapers with the blade.

Mr. Dunham :—Ten inches at its outer end and 7 in. at the end

next to i-he blade.

Mr. Raymer :—Is it not desirable to have the blades driven home

tight and the holes cut afterward?

Mr. Dunham :—That is a detail the Committee did not take into

consideration. It might be desirable, but it is not the ordinary practice.

The Secretary:
—"Blade Fastening. (43) Six (6) three-eighths-

inch by one and one-half (5^"xi^") elevator bolts, with head one and
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one-fourth inches (i/4") i'l diameter must be used to fasten each signal

blade to casting.

"Size of Glass. (44) Colored glass six and one-half inches (.6^-2")

in diameter must be placed in signal casting.

"Lamp. (45) A lamp, made in accordance with standard drawings,

must be furnished for each signal.

"Lamp Brackets. (46) Lamp brackets must be made in accordance

with standard drawings.

"Painting. (47) All ironwork must be given one coat of good

priming and two coats of finishing paint. Signal masts, and the iron-

work on same, must be painted according to the standards of the

Railroad Company.

"Lever Painting. (48) Levers must be painted as follows

:

Home signal levers, red.

Distant signal levers, green or yellow.

Spare levers, white.

"Blade Painting. (49) Signal blades must be painted in accordance

with standard plans."

The President :—The chairman of the Committee calls attention to

the fact that the adoption of these specifications carries with it also

the adoption of the articles on pages 6 and 7, telegraph and controlled

manual block signals, as given in the Standard Code of the American

Railway Association. Has any member of the Committee any sugges-

tions or remarks to make in connection with these specifications?

Mr. Dunham :— I believe we can save a good deal of tim.e and

make better progress if we discuss the conclusions shown on page 4.

Perhaps the members have all been over these specifications, and are

therefore not particularly interested in having them read.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—

I

would like to ask the Committee whether these specifications have al-

ready been adopted by the Railway Signal Association?

Mr. Dunham :—I believe the Railway Signal Association has not

adopted the specifications exactly as we have them here. They have,

however, adopted the specifications for interlocking, v.hich, in a large

measure, also covers the specification for controlled manual signals. I

would therefore be inclined to take the ground that these specifications,

generally speaking, have been approved by the Railway Signal Asso-

ciation.

The President:—If there are no objections to the specifications as

read, they will be considered as having been adopted by the convention.

The chairman of the Committee asks that we take next in order the

conclusions appearing on pages 4 and 5. The Secretary will read con-

clusion No. I.

The Secretary:
—

"(i) That lock and block with track circuit con-

trol, using intermediate automatic signals for following movements and
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abandoning the use of orders, be emploj'ed instead of the system of

using automatics for both following and opposing movements as an

adjunct to the order system for single-track work."

Mr. B. H. Mann (Missouri Pacific) :—I would like to ask if the

Committee would consider leaving out from the conclusion entirely every-

thing after the word "employed," in the third line? The reason I

make the request is that I believe the conclusion as it stands is incon-

sistent. It implies that the system spoken of in the last three lines

is wrong; whereas, it seems to me, you can consider that system as an

intermediate step to the system you consider in the first three lines.

It does not necessarily follow that if you recommend the first system

that you could not also have had previously on the road the automatic

system as an adjunct to the train-order. You could therefore change

over to the system recommended. In light of the fact of the rapid

extension this year of the system that seems to be condemned, I

question whether the Association ought to adopt this first conclusion.

The system first recommended, using operators without orders and

automatic signals, costs about twice as much for operation as do the

automatic signals with orders. There may be some roads that do not

feel in shape to expend that amount of money, but they can take the

intermediate step, changing it a little later, as traffic warrants, to the

system recommended. This means probably operators day and night

at every station, in addition to the automatic signals.

Mr. Dunham :—The Committee is of the opinion that when a rail-

road has gone to the expense of installing a modern signal system,

it should get all out of it that it can; that is to say, we believe that

the order might just as well be executed by the operator, by means of

signal indications, as to follow the present method and stop a great

many trains. I do not know whether this is the point raised by Mr.

Mann, but those are the views of the Committee.

Mr. Mann :—It seems to me the first conclusion should be as a

recommendation in a transportation problem, and as it is such a rec-

ommendation, if the intermediate step should be allowed, the argument

would be along the same line taken up this morning as to roadway,

that some roads are not prepared to pay the cost per mile for the

system recommended by the Committee, but they might be willing to

pay half that cost.

Mr. L. C. Fritch (Illinois Central) :—I agree with Mr. Mann that

this is more of a transportation question than it is a maintenance of way
question—that this should be in the form of a recommendation purely.

I move, therefore, that this conclusion be changed to read. "That it

is recommended," and then follow with the conclusion.

Mr. Mann :—Do I understand that the Committee is not willing

to cross out everything in the conclusion after the word "employed?"

Mr. Dunham :—Th.e Committee is willing to withdraw the first

conclusion.
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The President:—Withdraw it entirely?

Mr. Dunham :—Yes.

The President :—If there is no objection on the part of the con-

vention, the Committee will he privileged to withdraw the conclusion.

The Secretary will read the second conclusion.

The Secretary:
—

"(2) That the arrangement shown in Fig. A is

good practice under certain conditions for use on single track line as

a train-order signal and spacing-block signal, and that train-order signal

be located to give the best view to approaching engine and trainmen."

The President:—If there is no objection to conclusion No. 2, it

will stand approved as read.

The Secretary:
—

"(3) That distant signals may be used with

train-order and block-signal, as shown in Fig. B. and that train-order

signal be located to give the best view to approaching engine and

trainmen."

The President:—Lhiless there is objection, conclusion No. 3 will

be considered as having been adopted.

The Secretary:
—

"(4) That the arrangement shown in Fig. C be

adopted when necessary to subdivide the block, and track circuit be

used in the subdivided block to control the rear signal, and that train-

order signal be located to give the best view to approaching engine

and trainmen."

The President:—If there is no objection, conclusion No. 4 will

stand approved as read.

Mr. Ewing :—I do not think it is quite in accordance with good

practice to put Fig. A in service on a double track line, placing the

signals all on one side, and requiring a man to look across one track

to see the signals. The recommendation reads that "it is good practice

under certain conditions for use on single-track line as a train-order

signal and spacing-block signal." I think that the conclusion should

cover what is good practice, and then modify the conclusion to suit

a condition of that kind.

Mr. Dunham:—The Conr.nittee recognizes the point raised by Mr.

Ewing as to Fig. A. That figure was submitted after a good deal

of discussion ; a number of the members were in favor of separating

the signals and showing an arrangement similar to that in either Figs.

C or D. However, other members thought that we should submit Fig.

A, inasmuch as a great many miles of railroad are signaled in just

that way. We, as a Committee, do not think that Fig. A represents

the best practice.

Mr. Ewing :—My point was that the conclusion of the Committee
should be on approved practice and recommended practice, and that

deviations from that practice could be made to conform to a condition

as shown on these diagrams.

The President:—If there is no objection to the conclusion, it will

stand approved as read.
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The Secretary:
—

"(5) That double-track arrangement be similar

to single-track arrangement, as shown in Figs. A, B and C."

The President:—If there is no objection, conclusion No. 5 will

stand approved as read.

The Secretary:
—

"(6) That the specifications for construction of

telegraph block signal and connections be approved."

The President :—That conclusion has practically been acted upon

by the acceptance of the specifications.

The Secretary:
—

"(7) That the standard specifications for mechan-

ical interlocking and material for construction vi^ork, adopted by the

Railway Signal Association, be endorsed as good practice."

Mr. Robert Trimble (Pennsylvania Lines) :—We are not ready for

that conclusion, are we?

The President:—The chair understands Mr. Trimble to mean that

we are not ready to pass upon this conclusion until we have read the

specifications.

Mr. Trimble :—Yes.

Mr. Dunham :—The specifications, as they appear on pages 14 to 27,

have been the subject of a good deal of discussion in the Railway Sig-

nal Association. I think I can safely say they were discussed at eight

or ten meetings, and perhaps four or five hours' discussion prevailed

at each occasion. If we attempted to go through these specifications,

some of us would find ourselves here until to-morrow night. However,

we will discuss the specifications if the members so desire.

The President :—Does the convention care to go through these or

adopt them as a whole, or bring them up by headings, and if objection

is made to any particular item, take that up? There are a number

of pages of technical work that has been formally adopted by the

Railway Signal Association.

Mr. Mann :—If it is in order, I move that conclusion No. 7 be

voted on without reading the specifications.

Mr. Trimble :— I do not know whether I am in order or not, but

there are two or three clauses in the specifications which might be

discussed before voting on that conclusion. I have in mind three clauses

that might be changed.

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—I suggest that

the "General Requirements" at least be read section by section. They

are all of general importance, and I think we should at least go that

far. The reason I ask that is this : In paragraph 3 it states that

the "purchaser will furnish free transportation for necessary men, tools

and material, etc." That is not good practice in some parts of our

country at all. There may be some other provisions that are not good

practice.

Mr. Trimble:—I will say what my objections are, if I am in order.

They are along the same line as mentioned by Mr. Wendt. Para-
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graphs 2 and 3 are sections that vve could not endorse. They are

contrary to our practice, and it seems to me those clauses should be

so worded that if a railroad company wished to furnish transportation

for men and materials it could do so, and if it did not wish to do

so, it could be omitted. It seems to me there ought to be alternate

clauses covering the transportation. In regard to paragraph 12, it seems

to me that that is hardly a good wording to have in a specification

which is intended to be definite. The paragraph says, "In all par-

ticulars not mentioned in these specifications it is intended and under-

stood that the best ruling practice at the time the work is performed

will govern; and if any devices are furnished which have not be^n

in general use, they shall be subject to the acceptance of the Signal

Engineer before being placed in position." It occurs to me that that

might lead to some confusion and difference of opinion.

The President :—Can we not save time by taking up the items to

which objections are made under the head of "General Requirements?"

If we endeavor to go into these specifications in detail it will take the

balance of the afternoon and go into to-morrow.

Mr. Trimble :— I think you are quite right, and therefore make a

motion in regard to paragraphs 2 and 3, which are the ones we cannot

endorse, that these sections be so modified as to make the matter of

transportation of men and material optional with the railroad company.

(The motion was carried.)

Mr. Wendt:—With regard to paragraphs 9 and 10, it is stated that

the material and workmanship will be subject to the approval of the

Signal Engineer. I believe the policy of this Association has been, as

a rule, to use the words "Chief Engineer."'

Mr. R. C. Barnard (Pennsylvania Lines) :—Paragraph 6 will also

have to be changed as to free transportation.

Mr. A. S. Baldwin (Illinois Central) :—I believe it would be well

to use the word "engineer" with a qualifying clause at the beginning

of the specifications that the term "engineer" refers to the Chief Engi-

neer or his duly authorized assistant. That puts it in proper legal

form and prevents the contractor taking advantage of instructions that

might be given him by a subordinate who was not duly authorized.

We have adopted that practice on the Illinois Central under advice

from our legal department.

The President:—The blank engineer?

Mr. Baldwin :—I think you disqualify the first clause by saying that.

The President :—You mean adding that in the first clause.

Mr. A. W. Johnston (New York, Chicago & St. Louis) :—The

objection to leaving out the title, or leaving a blank, is not important.

The blanks vary, and it is customary, in getting up specifications, to

leave blanks. I offer as an amendment that a blank be left in the

specifications.
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'I"he President :—It is moved and seconded that in paragraph 9 and

in other clauses of the same kind a blank space be left where the words

"Signal Engineer" are used.

(The motion was carried.)

Mr. Trimble :— I move to strike out the entire paragraph 12 on

page 15.

Mr. McDonald:— In regard to these radical changes that we are

making in this report, I wish to say that this has already been adopted

by the Railway Signal Association. I take it that they had good rea-

sons for putting it in, and I would like the Committee to tell us their

reasons for putting it in before we vote them out.

Mr. Dunham :— I believe I am safe in saying that the Committee

has no objection to the elimination of the words "Signal Engineer."

That may mean the Chief Engineer or the proper officer of the railroad

company, as the Association may see fit. In regard to paragraph 12,

the Committee discussed that at length more than perhaps any other

paragraph in the specifications. It is the experience of a good many

signal officers that no matter how carefully the specifications or con-

tracts are made, from time to time some new devices are included in the

contractor's figures, the result being that signal contractors would pre-

sent a long bill of extras after the installation of each interlocking

plant. It was therefore our idea to convey to the contractor that he

must include in his proposal all fixtures and devices necessary to make

the plant complete, and I should not like to see paragraph 12 cuj: out

of the specifications.

Mr. W. B. Storey, Jr. (Atchison, Topeka & Santa Fe) :—The

Committee does not request us to adopt the specifications. They simply

ask us to endorse them, and I have grave doubts whether, under their

request, we have any right to amend them. They simply ask that we

endorse them as a matter of good practice.

Mr. Mann :— I would like to ask again if the Committee considered

that the Signal Engineer should not have the approval of these plans?

I understand, from paragraph 9, that the Committee .suggests that it

should be subject to the approval of the Signal Engineer, apart from

anyone else ?

Mr. Dunham:—The Committee did not give that particular para-

graph very much consideration. It was necessary to provide that some

officer of the railroad company should approve the designs and mate-

rials furnished, and as a great many roads are represented in the

signaling service by a Signal Engineer, we used that term. I think

the Committee has no objection to using some other term meaning the

same thing.

Mr. J. C. Mock (Detroit River Tunnel Company) :—This paragraph

is intended to prevent the furnishing of untried devices and materials

that are being urged upon tlie railroads in lieu of the recognized stand-



SIGNALING AND INTERLOCKING. 543

ards. As worded, it may give rise to some question as to its intent,

but some such clause ought to be in, because of the great variety of

materials, both electrical and mechanical, that are used to make the

complete installation of an interlocking plant. While I do not object

to having this particular paragraph cut out, I would like to see some-

thing better substituted.

Mr. Trimble:—]\Iy principal objection to the paragraph was to the

first three lines. If the Committee wishes to choke off devices, let

us modify the paragraph to read like this : "Any devices furnished

which are not in general use shall be subject to the acceptance of the

engineer before being placed in position."

Mr. Baldwin :—I seconded Mr. Trimble's motion in regard to para-

graph 12 because I believed it was not in line with good practice. We
could not imagine a clause of this kind inserted in a specification for

.steel superstructure. I think the Committee is rather begging the ques-

tion in leaving such an open clause as this in the specification. I

would be willing to accept Mr. Trimble's modification if he left out

the words, "if any devices have been furnished which have not been

in general use." I think that should be altered to read, "If any devices

are furnished, they should be subject to the acceptance of the engineer."

Mr. ]\Iock :— I do not think a structure such as a bridge or a

building is quite a parallel case, since we may describe minutely all

materials for such structures, but we cannot do so in signaling and

interlocking, because there are so many devices developing constantly

that we could not afiford to exclude improvements over present stand-

ards. I feel, therefore, that something should go in, and it seems to

me Mr. Baldwin's suggested revision would enable us to judge to this

extent the materials we would accept. However, I do not speak for

the Committee as a whole.

The President:—The action now is to amend paragraph 12 to read:

"If any devices are furnished, they shall be subject to the acceptance

of the engineer before being placed in position."

Mr. Baldwin:— If the paragraph is left as it now reads, the con-

tractor would have the right to compel you to accept a device that is

in general use, one which you might not care to accept. You must
be able to control the situation, but if the clause is left as it now reads

you cannot control it. If the device is in general use, the contractor

would have the right to pvit it in.

Mr. Trimble :— I understood from the remarks of the chairman of

the Committee that this was a sort of saving clause, to obviate a long

bill of extras. I think they have a fairly good saving clause in para-

graph I, which reads: "The contractor shall furnish all tools, materials

and labor, except as may be hereinafter noted, to erect and complete

the work in accordance with the intent of the plans and specifications,

and anything that is obviously necessary to complete or make useful
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any part mentioned in specification shall be provided by the contractor,

although such part is not shown by the plans." It seems to me that

that as a saving clause is complete, and the paragraph that is pro-

posed by Mr. Baldwin and myself renders the application of any devices

subject to the acceptance of the Chief Engineer. I think that covers

the situation entirely.

Mr. Dunham :—I think the gentleman's points are well taken, and

I believe the Committee has no objection to the modification of the

paragraph as suggested by Mr. Baldwin and Mr. Trimble.

The President :—Are you ready for the question on the alteration

of paragraph 12?

Mr. McDonald:—How does the paragraph read?

The President:
—

"If any devices are furnished, they shall be subject

to the acceptance of the engineer before being placed in posi-

tion."

Mr. McDonald:—It seems to me the word "devices" ought to be

made clearer. I do not think it is quite clear as it straids.

Mr. Barnard :—It occurs to me that perhaps the same end could

be attained by omitting paragraph 12 and adding to paragraph i "shall

be provided by the contractor, subject to the approval of the engineer."

I would offer that as an amendment.

(The motion was lost.)

The President :—The action is now on the original motion, that

paragraph 12 be amended to read, "any devices that are furnished shall

be subject to the acceptance of the engineer before being placed

in position."

(The motion was carried.)

Mr. Wendt :—There are two parties to a contract—the contractor

and the company. Several of the other committees of the Association

have presented specifications, and the usual practice has been to use

the word "company." This Committee uses the words "purchasing

company." I suggest that the practice be uniform, and that the word

"company" be used.

The President :—That is to apply throughout the specifications.

(The motion was carried.)

Mr. Trimble :—I have one other suggestion. Paragraph 6 will have

to be modified to correspond with the changes made in paragraphs 2

and 3. Paragraph 6 also refers to transportation, and I move it be

modified to correspond with the action taken on paragraphs 2 and 3.

(The motion was carried.)

Mr. L. C. Fritch :—I would suggest that in view of the intelligent

work that this Committee has done in working up these specifications,

that we accept their judgment on the remainder of the specifications,

r would move, therefore, that we adopt fhe remainder of the specifica-

tions as good practice, or approve them as good practice.
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The President :— It is moved and seconded that the specifications

for mechanical interlocking and material for construction work as

amended be approved by the convention as being good practice. That

does not mean that they are adopted formally as standard, but that

they are approved as good practice. Discussion is in order.

Mr. Ewing:—The specifications as a rule are first-class. One item

that comes to my attention is paragraph 49 : "Pipe lines shall be used

for connections to switches," etc., ''not less than 1.65 lbs. per ft.'" I

think the minimum should be a little heavier than that. We are increas-

ing the length and weight of the switches, and 1.65 is a standard pipe

that has been used ever since interlocking was put in service. My
thought was that 1.65 is too light for a minimum.

Mr. Dunham :—That particular paragraph was handled pretty care-

fully by the Committee, and while it is true that pipe weighing 1.65

lbs. per ft. has been used a great many years, the Committee thought

it was sufficiently heavy. There would be no objection to using heavier

pipe if the company saw fit to go to the additional expense. How-ever,

cost was not considered by th? Committee. We thought that pipe

weighing 1.65 was first-class.

Mr. Ewing :—In regard to coupling, I had a severe lesson not long

ago. The pipe coupling broke, and a clear signal was given with the switch

in the wrong position. It seems to me that this is a matter of vital

importance, and we ought to make a stronger coupling than is recom-

mended.

Mr. Mock :—The question of weight per foot of one-inch pipe was

thoroughly discussed and there seems to be no question about the

weight specified here being strong enough when the pipe is properly

made and properly supported, and in answer to Mr. Ewing's question

on the use of four rivets for the coupling, this matter was gone into

very carefully. Some roads use four rivets, but the additional cost and

difficulty of making all four rivets useful in adding strength and the

fact that the joint, properly made according to specifications, would

be stronger than any other part of the pipe, leads us to believe that

it would be better to use only two rivets.

(The motion was carried.)

Mr. Wendt :—On page 26 the specifications refer to the use of

graphite. I am not opposed to that kind of paint, but I do not think

these specifications should include reference to any particular kind of

paint. I therefore move that reference to any particular kind of paint

be stricken out.

The President :—]\Ir. Wendt's suggestion, as good as it may be, is

out of order unless it is accepted by the Committee and the convention.

Mr. Dunham :—I believe the Committee would be perfectlj' willing

to substitute the words "paint of an approved manufacture."

The President:—If there is no objection on the part of the conven-

tion, that will be incorporated.

35
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Mr. Dunham :—I find that some of tlie members of the Committee

olijcct to making the suggested change.

'J"he President:—You want the word "graphite" retained?

Mr. Dunham :—Yes.

The President;—In view of the objection of the Committee, it can

only he taken up on a vote to reconsider. 'J'he Committee now desires

to take up tlic question of automatic block signahng, shown on pages

28 and 29, of Bulletin ^t^.

Mr. Dunham :—The Committee was instructed to prepare .specifica-

tions and plans for automatic block signals. We did not go further

into the subject than to prepare plans showing recommended signal

locations, and the plans of various arrangements of proposed automatic

block signal locations are shown on pages 30 to 37. inclusive, varying

from single-track to four-track layouts. The Committee would be glad

to have the suggested locations discussed.

Prof. W. D. Pence (Purdue University) :— I would like to inquire

whether the matter that we just adopted is to be printed in the Manual?

The President :—That would depend upon the action of the Board

of Direction in going over it. That has been endorsed as good practice,

but not adopted as the standard of the Association. It would be for the

Board of Direction to decide whether it was proper to print it.

Mr. McDonald :—I would like to ask the Committee if in stating

that these various arrangements of signals are the most approved

method, they know who has approved them. Has the Railway Signal

Association approved these various diagrams for arrangements of sig-

nals? The Committee states positively that the Railway Signal Associa-

tion has approved the conventions as far as they go. I would like to ask

if the Railway Signal Association has approved the arrangement of

signals as shown on the diagrams?

Mr. Dunham :—The several plans shown here have not been

approved by the Railway Signal Association. They were prepared by

this Committee, and various changes were made from time to time

during the year, and the diagrams as now submitted are what the Com-

mittee believes to be good practice.

Mr. McDonald:—I believe wc ought to treat the Railway Signal

Association as a kind of skirmish line and let them fight this thing

out. It would hardly be worth while for us to undertake to pass on

these different locations until the matter has been fought out in their

committee. Unless our Committee wishes to -get an expression from

this convention in regard to them, I move that the consideration of

automatic block signals be deferred until the matter has been discussed

and approved by the Railway Signal Association. I also move that

the conventions which have been adopted by the Railway Signal .Asso-

ciation be approved by this Association.

Mr. Dunham:—There is some feeling in the Committee that the

.Association should take some action on the locations shown on the
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plans. I might acid that in the matter of block signal installations the

question of signal locations is vital. Little progress can be made in

the way of installing the system until the matter of location has been

established, and it should not take very long for the convention to pass

judgment on the matter of location of the signals. The Committee

would therefore like some action by the convention on the matter.

Mr. McDonald:—I withdraw my motion in view of the explanation.

The President :—The motion is withdrav.n with the consent of the

second. Discussion is now in order on the location of automatic block

signals.

!Mr. W. A. D. Short (Illinois Central):—The Committee objects to

having the diagrams of these locations referred back to them, as this

is the result of very careful work by the Committee and is the best

practice to-day. The matter of signal locations is of vital importance,

and has been kept in view in planning these diagrams. The symbols

and conventions submitted are those in use by all railroad companies

equipped with signals and by all the signal companies. The chance of

confusion has been reduced to a minimum as far as the symbols go, and

the Committee wishes the action taken on this automatic signal layout

to be final. We therefore object to its being referred back.

Mr. Mann :— It seems to me that Mr. McDonald's point, that it

would be well to consider the recommendations of the Railway Signal

Association in this regard is a good one, and it seems to me it might

be well for our Committee to be instructed to confer with the Railway

Signal Association on this subject, so as to be sure that we have

uniform practice and do not recommend something to which the other

association does not agree.

Mr. Short:—Referring to Mr. Mann's objection concerning the

Maintenance of Wa}- Association adopting these layouts, as shown in the

Committee's report, owing to the possibility of their conflicting with the

Railway Signal Association—for the information of the convention I

might say that there is no committee in the Railway Signal Association

that would show layouts of this sort. The committees of the Railway

Signal Association are more on detail circuit layouts, etc., for getting

the right results. These diagrams shown here are final results, and

there is no committee in the Railway Signal Association that could

take care of this as well as the Committee of the Maintenance of Way
Association.

The President :—Is there any further discussion by the convention

upon the subject of these signal locations?

Mr. Short :— I move that the several arrangements of signals as

shown be adopted as standard practice in the matter of signal locations.

(The motion was carried.)

Mr. Short :— I should like to make the motion that the Association

adopt as standard practice the conventions shown on pages 38 to 44,

inclusive
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'I'lie Presick'iit :

—
'i'hat is conclusion No. 9 on page 5?

Mr. Short:—Yes, sir.

(The motion was carried.)

The President:—The tenth conchision, relating to definitions, will

be omitted.

Mr. Dunham :—The Committee would like the members to partici-

pate in some discussion of the several diagrams of signals illustrated on

pages 48 to S3, inclusive. It may be in order to say that the signal

shown in Fig. A is the one adopted by the Association in 1903. The

Committee started out with this signal and added signals more or less

in general use throughout the country, and the vote of the several

members is given in the statements printed in connection with the illus-

trations. The Committee would like to refer more particularly to Fig. 7,

which illustrates a signal with an upwardly-inclined arm. The Com-
mittee believes that this signal is correct in principle, and that the sig-

nals of the various types having the drop arm have weaknesses which

are overcome entirely when the upward-travel arm is used.

Mr. Mann :—If a motion is in order, I move that the Committee

be instructed to examine during the coming year a signal of this sort,

an installation of which, I understand, is to be made, and make a report

upon it.

(The motion was carried.)

Mr. McDonald :— I would like to ask what action the Committee

desires to be taken in regard to this matter?

Mr. Dunham :—Some of the members of the Committee have

expressed a desire for some discussion on the matter of the signal as

illustrated in Fig. 7.

The President :—The Committee desires some expression of opinion

on the part of the convention as to the merits or demerits of the

upwardly-inclined arm, as shown in Fig. 7.

Mr. Dunham :—The Committee would be especially interested in any

remarks or criticism that operating officers might have in regard to the

use of this signal.

The President:—Is there any discussion upon the request of the

Committee? If there is no discussion, the Committee will be relieved,

with the thanks of the Association.



REPORT OF COMMITTEE NO. IV.—ON RAIL.

To the Members of the Ameriean Raikvay Engineering and Maintenance

of Way Association:

The Committee on Rail submits the following report on some of the

subjects assigned

:

PIPED RAILS.—FREQUENCY OF OCCURRENCE, CAUSE AND
RECOMMENDED REMEDY.

We find from reports received that piped rails are frequent in oc-

currence. We submit the following modification of the proposed specifica-

tion of the A. S. C. E. on this subject:

"There shall be sheared from the end of the blooms formed from

the top of the ingots not less than twenty-five per cent., and if, from any

cause, the steel does not then appear to be solid, the shearing shall con-

tinue until it does. If, by the use of any improvements in the process

of making ingots, the defect known as piping shall be prevented, the above

shearing requirements may be modified."

SECTIONS.—RECOMMENDATIONS AS TO CHANGING STAND-
ARD RAIL SECTIONS OF THE A. S. C. E.

We have no definite recommendation to make in regard to change cf

section, as we think that we do not have sufficient information on this

subject.

We should like information from the members of the Association on

the following: Cause and nature of failures in 70-lb., 75-lb., 80-lb., 85-lb.,

90-lb.-and Too-lb rails.

We feel the necessity of treating each weight of rail separately in

comparing the A. S. C. E. sections with other sections of the same weight

under similar conditions.

STATISTICS AS TO LIFE OF RAILS.

The life of rails is affected by many conditions, such as alinement,

profile, density of traffic and speed of trains.

We do not believe that figures prepared for one railroad will be use-

ful to another railroad without considering the conditions mentioned

above.

549
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We recommend that such statistics be eHminated from the future work

of the Committee.

STATISTICS AS TO BREAKAGE OF RAILS.

A great deal of information on this subject has been furnished to

the Committee. This information is largely of a confidential nature, and

it is the opinion of the Committee that it cannot properly be published

in detail without the consent of the parties furnishing the information.

We can say, however, that we find that all railroads are suffering from

rail failures to such an extent that we are warranted in a.sking the manu-

facturers to comply with every requirement of our specifications and to

do everything in their power to improve the quality of the rail.

We give below a summary, showing the large number of failures

on a few of the important railroads with a heavy traflk.

Railroad No. i.

Number of breakages of rails during the year or past two years, 537

—

one year, Sept. 30, 1904, to Oct. i, 1905.

(a) Length of time rail has been in service: i, 17 years; 4, 9 years;

43, 8 years ; 22, 7 years
; 3, 6 years

; 3, 3 years ; 22. 2 years
; 439, i year.

(b) Date of rolling: i in 1888, i in 1895, 31 in 1896, 17 in 1897, 24 in

1898, 4 in 1902, 21 in 1903, 438 in 1904.

(c) General character of the breaks: Breaks between ties, 180;

breaks on ties, 357. There were 224 flaws in 85-lb. rail and 80 flaws in

75-lb. rail ; total flaws. 304.

Railroai. No. 2.

Number of breakages of rails during the year or past two years: 215

in the last year.

(a) Length of time rail has been in service: 97 of these had seen

two years' service or less.

(b) Date of rolling: 97 were rolled in 1903; balance from 1890 to

1905-

(c) General character of the breaks: Principally due to mashing.

Railroad No. 3.

(i) From August ist, 1904, to August ist, 1905, there were 196

breakages of 80-lb. steel rail.

(2) The causes of failure arise from defective material as well as

manufacture.
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Railroad No. 4.

Number of breakages of rails during the year 1904, 85's and lOo's.

1,324 (nothing less than 85's considered).

(a) Length of time rail has been in service : o to i years, 182 ; i to

2 years, 95 ; 2 to 3 years, 105 ; 3 to 4 years, 67 ; 4 to 5 years, 79 ; more than

5 years, 275.

(b) Date of rolling of those in service 5 years and less: 1896, i ; 1897,

4; 1898, 15; 1899, 80; 1900, 72; 1901, 88; 1902, 59; 1903, 189; 1904, 13.

(c) General character of the breaks. Majority are square breaks:

some crack through web (through bolt holes) and then break out through

head or web. A few, where cropping of ingot has been too little, mash

down in head with internal fissures.

Railroad No. 5.

(a) During one year 671 rails were removed which were broken or

defective.

(c) General character of the breaks. A large number of these rails

were removed from track before they broke. The majority of the broken

and defective rails roiled in 1000, 1901, 1902, 1903 and 1904. showed pipinc.

Railroad No. 6.

(a) During the year ending June 30, 1905. had more than 200 rails

to break on a main track mileage of a little over 4,000 miles.

(b) General character of the breaks. The 1899 rails are exception-

ally hard. The cause of the breakages due to straightening at the mills

where the webs were cracked, large numbers failing every, year since laid.

The breaks invariably show by longitudinal cracks in the webs. As a gen-

eral rule they are removed before any failure takes place

DROP TEST AND SHRINKAGE CLAUSE.

Since the last meeting of the Association there has been a joint meet-

ing of this Committee with the Committee of the A. S. C. E. on Rail

Sections, at which meeting proposed revisions of sections and specifica-

tions were discussed. The joint committee agreed at this meeting tc

make no recommendations in regard to change of sections, but agreed upon

the desirability of insisting upon two points in our specification, as fol-

lows : The desirability of a drop test from each heat of steel, and a

shrinkage clause to control the finishing temperature.
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We give below a comparison of our specification with the proposed

A. S. C. E. specification on the drop test and shrinkage clause, and rec-

ommend the adoption of the A. S. C. E. clauses.

Am. Ry. Eng. anv M. of W. Association Specification.

(3) One drop test shall be made on a piece of rail not less than 4 ft.

and not more than 6 ft. long, selected from each blow of steel. The test

piece shall be taken from the top of the ingot. The rail shall he placed

head upwards on the supports, and the various sections shall be subjected

to the following impact tests under a free falling weight

:

Weight of rail,

lbs. per yard. Heiglit of drop.

45 to and including 55 15 ft.

More than 55 to and including 65 1 G ft.

More tlian 65 to and including 75 18 ft.

More tlian 75 to and including 85 20 ft.

More than 85 to and including 100 22 ft.

If any rail breaks, when subject to the drop test, two additional tests

will be made of other rails from the same blow of steel, and if either of

these latter tests fail, all the rails of the blow which they represent will

be rejected, but if both of these additional test pieces meet the require-

ments, all the rails of the blow which they represent will be accepted.

(4) The number of passes and speed of train shall be so regulated

that on leaving the rolls at the final pass the temperature of the rail will not

exceed that which requires a shrinkage allowance at the hot saws of 6 in.

for 85-lb. and 6^ in. for lOO-lb. rails, and no artificial means of cooling the

rails shall be used between the finishing pass and the hot saws. The above

shrinkage allowance may be varied, if necessary, so as to give a finishing

temperature of not exceeding 1,600 deg. Fahrenheit at finishing rolls for

mills rolling from reheated blooms, and not exceeding 1,750 deg. Fahren-

heit at finishing rolls for mills rolhng direct from the bloom to finished

rail.

A. S. C. E. Specification.

Drop Test.—One drop test shall be made on a piece of rail not less

than 4 ft. and not more than 6 ft. long, selected from each blow of steel.

The test piece shall be taken from the top of the ingot. The rails shall

be placed head upward on the supports, and the various sections shall be

subjected to the following impact tests under a free falling weight:

70 to 79-lb. rails 18 ft. 90 to 100-lb. rails 22 ft.

80 to 89-lb. rails 20 ft.
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If any rail Ijreaks when subject to the drop test, two atuhtional

tests may be made of other rails from the same blow of steel, also taken

from the top of the ingots, and if either of these latter rails fail, all the

rails of the blow which they represent will be rejected, but if both of these

additional test pieces meet the requirements, all the rails of the blow

which they represent will be accepted.

The drop-testing machine shall have a tup of 2,000 lbs. weight, the

striking face of which shall have a radius of not more than 5 in., and

the test rail shall be placed head upward on solid supports 3 ft. apart.

The anvil block shall weigh at least 20,000 lbs., and the supports shall

be part of, or firmly secured to, the anvil. The report of tlie drop test

shall state the atmospheric temperature at the time the test was made.

The number of passes and speed of train shall be so regulated that

on leaving the rolls at the final pass, the temperature of the rail will not

exceed that which requires a shrinkage allowance at the hot saws for a

33-ft. rail of lOO-lb. section, of 6 7-16 in., and 1-16 in. less for each 5-lb.

decrease of section, these allowances to be decreased at the rate of j-go

in. for each second of time elapsed between the rail leaving the finishing

rolls and being sawn. No artificial means of cooling the steel shall be

used after the rails leave the rolls, nor shall they be held before sawing

for the purpose of reducing their temperature.

SPECIFICATIONS.

Difference between the A. S. C. E. and the Am. Ry. Eng. and M.

of W. Association specifications

:

The main difference between these two specifications are as follows

:

CHEMICAL COMPOSITION.

Am. Ry. Eng. and M. of W. Association Specification.

(.2) R^.ils of the various weights per yard specified below shall con-

form to the follov>'ing limits in chemical composition :

Per cent.

50 to 50 60 to 69 70 to 79 80 to 80 90 to 100
lbs. lbs. lbs. lbs. lbs.

Carbon . . . . 0.35-0.45 0.38-0.48 0.40-0.50 0.43-0.53 0.45-0.55
Phosphorus not to exceed... 0.10 0.10 0.10 0.10 0.10
Silicon shall not exceed 0.20 0.20 0.20 0.20 0.20
Manganese 0.70-1.00 0.70-1.00 0.75-1.05 0.80-1.10 0.80-1.10
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A. S. C. E. Specification.

Chemical Composition.—Rails of the various weights per yard speci-

fied I'tlow shall conform to the following limits in chemical composition:

Percentage
70 to79 80 to 89 90 to 100

lbs. lbs. lbs.

Carbon 0.50-0.60 0.53-0.63 0.55-0.65
Phosphorus shall not exceed 0.085 0.085 0.085
Silicon shall not exceed 0.20 0.20 0.20
Sulphur shall not exceed 0.075 0.075 0.075
Manganese 0.75-1.00 0.80-1.05 0.80-1.05

We recommend the A. S. C. E. specification, with the addition of the

lollcwing footnote : Carbon may be reduced to suit local conditions.

STRAIGHTENING RAILS.

The A. S. C. E. Committee has a specification in regard to straighten-

ing rails, which we think to be a desirable addition to our specification and

which we recommend with some modification.

"Straightening.—Care must be taken in hot straightening the rails,

and it must result in their being left in such a condition that they shall

not vary throughout their entire length of ;i3 ft. more than 3 in. from a

straight line in any direction, when delivered to the cold straightening

presses. Those which vary beyond that amount, or have short kinks,

shall be classed as second quality rails and be so stamped. The distance

between supports of rails in the gagging press shall not be less than 42

inches."

Section 11 in our specifications should also be modified to read as

follows :

"Rails shall be straight in line and surface when finished—the straight-

ening being done while cold—smooth on head, sawed square at ends, varia-

tion to be not more than 1-32 in., and, prior to shipment, shall have the

burr occasioned by the saw cutting removed and the ends made clean. No.

I rails shall be free from injurious defects and flaws of all kinds."

ARRANGEMENT OF MATTER IN SPECIFICATIONS.

In the matter of arrangement, the A. S. C. E. specification appears to

be better than our form, and it is possible that after the full discussion of

the A. S. C. E. specification, which is to be had at the June convention,

we may find it desirable for this association to adopt the A. S. C. E.

specification, with the exceptions noted above, unless we find that we can

otherwise improve upon it.
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OPEN HEARTH STEEL RAILS.

There is a very strong tendency towards the use of open-heartli stcjl

for rails, and the specifications proposed hy the A. S. C. E. Committee,

with some modifications, is offered for discussion. We are in favor of

reducing the phosphorus as given in the A. S. C. L. specifications from

.05 to .03

The A. S. C. E. specification for open-liearth rail is as follows:

"For Basic (Jpen-heartli Rails.-The ';pecifications for rails made by

the Basic Open-hearth process shall be the .same as for Bessemer rails, ex-

cepting that their chemical composition shall be :

I'ercen t age
70 to79 SO to 80 00 to 100

lbs. Ihs. lbs.

Carbou 0.53-0.63 U..j.S-0.'i8 0.65-0.75

rhosphorus shall not exceed 0.05 0.05 0.05

Silicon shall not exceed 0.20 0.20 0.20

Sulphur shall not exceed 0.06 0.06 0.06

Manganese : 0.75-1.00 0.80-1.05 0.80-1.05"

We recommend the following chemical composition instead of th.e

A. S. C. E. composition :

Percentage
70 to 70 80 to SO 90 to 100

Ihs. lbs. lbs.

Carbon 0.63-0.73 0.68 0.7S 0.75-0.85

Phosphorus shall not exceed 0.03 0.03 0.03

.Silicon 075-0.20 .075-0.20 .075 0.20

Sulphur shall not exceed 0.06 0.06 0.06

Manganese shall not exceed 0.00 0.00 0.90

Respectfully submitted,

Wm. R. Webster. Consulting and Inspecting Engineer, Philadelphia, Pa.,

Chainnan.

R. MoNTFORT, Consulting Engineer, Louis\ ille & Nashville Railroad, Louis-

ville, Ky., Vicc-Chairmau.

F. E. Abbott, Inspecting Engineer, Lackawanna Steel Company. Buf-

falo, N. Y.

E. B. AsHBY, Engineer ^Llintenance of Way, Lehigh Valley Railroad,

South Bethlehem, Pa.

D. D. Carothers, Chief Engineer. Baltimore & Ohio, Baltimore, Md.

S. M. Felton, President. Chicago & Alton Railway. Chicago, 111.

J. F. Hinckley, Chief Engineer, St. Louis & San Francisco Railway Sys-

tem, St. Louis, Mo.

RoBT. W. Hunt, Consulting Engineer, Chicago, 111.

J. W. Kendrick, Second Vice-President, Atchison, Topeka & Santa Fe

Railway System, Chicago, 111.



556 RAIL.

E. F. Kenney^ Engineer of Tests, Pennsylvania Railroad, Philadelphia, Pa.

J. Kruttschnitt, Director of Maintenance and Operation, Harriman

Lines, Chicago, 111.

D. W. LuM, Chief Engineer Maintenance of Way and Structures, South-

ern Railway, Washington, D. C.

F. H. McGuiGAN, Fourth Vice-President, Grand Trunk Railway System,

Montreal, Canada.

E. J. Pearson, Chief Engineer, C, M. & St. P. Ry. of Wash., Seattle,

Wash.

H. T. Porter, Chief Engineer, Bessemer & Lake Erie Railroad, Green-

ville, Pa.

J. T. Richards, Chief Engineer Maintenance of Way. Pennsylvania

Railroad, Philadelphia, Pa.

R. Trimble, Chief Engineer Maintenance of Way, N. W. System,

Pennsylvania Lines, Pittsburg, Pa.

H. U. Wallace, Third Vice-President. J. G. White Co., New York, N. Y.

G. B. WooDWORTH, Rail Inspector, Chicago, Milwaukee & St. Paul Rail-

way, Chicago, 111.

Committee.



DISCUSSION.

The President :—We will now take up the report of the Committee

on Rail, Mr. Wm. R. Webster, chairman. The chairman of the Com-

mittee suggests that the report be read, and, after being read, that

it be discussed. Representatives of manufacturing companies who may

be present are invited to take part in the discussion.

The Secretary:
—"Piped Rails.—Frequency of occurrence, cause and

recommended remedy.

"We find from reports received that piped rails are frequent in oc-

currence. We submit the following modification of the proposed specifi-

cation of the A. S. C. E. on this subject:

" 'There shall be sheared from the end of the blooms formed from

the top of the ingots not less than twentj'-five per cent., and if, from any

cause, the steel does not then appear to be solid, the shearing shall con-

tinue until it does. If, by the use of any improvements in the process

of making ingots, the defect known as piping shall be ' prevented, the

above shearing requirements may be modified.'

"Sections.—Recommendations as to changing standard rail sections

of the A. S. C. E.

'"We have no definite recommendation to make in regard to change

of section, as we think that we do not have sufficient information on this

subject.

"We should like information from the members of the Association

on the following: Cause and nature of failures in "o-lb., 75-lb., 80-lb.,

85-lb., 9C-lb. and lOO-lb. rails.

"We feel the necessity of treating each weight of rail separately in

comparing the A. S. C. E. sections with other sections of the same weight

under similar conditions.

"Statistics as to Life of Rails.—The life of rails is affected by many
conditions, such as alinement, profile, density of traffic and speed of

trains.

"We do not believe that figures prepared for one railroad will be

useful to another railroad without considering the conditions mentioned

above.

"We recommend that such statistics be eliminated from the future

work of the Committee.

"Statistics as to Breakage of Rails.—A great deal of information on

this subject has been furnished to the Committee. This information is

largely of a confidential nature, and it is the opinion of the Committee

that it cannot properly be published in detail without tlie consent of
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the parties furnishing the information. We can say, however, that we

find that all railroads are suffering from rail failures to such an extent

that we arc warranted in asking the manufacturers to comply with

every requirement of our specifications and to do everything in their

power to improve the quality of the rail.

"We give below a summary, showing the large number of failures

on a few of the important railroads witli a heavy traffic.

"Railroad No. i.—Number of breakages of rails during the year or

past two years, 537—one year, Sept. 30, 1Q04, to Oct. i, 1905.

"(a) Length of time rail has been in service: i, 17 years; 4, g

years
; 43, 8 years : 22, 7 years ; 3, 6 years ; 3, 3 years ; 22. 2 years ; 439.

I year.

"(b) Date of rolling: i in 1888, i in 1895, 31 in 1896, 17 in 1897.

24 in 1898, 4 in 1902, 21 in 1503, 438 in 1904.

"(c) General character of the breaks: Breaks between ties, 180;

breaks on tics, 357. There were 224 flaws in 85-lb. rail and 80 flaws in

75-lb. rail ; total flaws, 304.

"Railroad No. 2.—Number of breakages of rails during the year

or past two years: 215 in the last year.

"(a) Length of time rail has been in service: 97 of these had

seen two years' service or less.

"(b) Date of rolling: 97 were rolled in 1903; balance from 1890 to

1905-

"(c) General character of the breaks: Principally due to mashing.

"Railroad No. 3.— (r) From August ist, 1904, to .August 1st, 1905,

there were 196 breakages of 80-lb. steel rail.

"(2) The causes of failure arise from defective material as well as

manufacture.

"Railroad No. 4.—Number of breakages of rail during the year

T904, 85's and lOo's, 1324 (nothing less than 85's considered).

"(a) Length of time rail has been in service: o to i years, 182;

T to 2 years, 95 : 2 to 3 years, 105; 3 to 4 years, 67; 4 to 5 years, 79;

more than 5 years. 275.

"(b) Date of rolling of those in service 5 years and less: 1896, i;

1897,4; 189S, 15; 1899,80; 1900, 72; 1901, 88; 1902, 59; 1903, 189; 1904,

13-

"(c) General character of the breaks. Majority are square breaks;

some crack through web (through bolt holes) and then lireak out through

head or web. .A. few where cropping of ingot has been too little mash

down in head with internal fissures.

"Railroad No. 5.— (a) During one year 671 rails were removed

which were broken or defective.

"(c) General character of the breaks. A large number of these rails

were removed from track before they broke. The majority of the

broken and defective rails rolled in 1900, 1901, 1902, 1903 and 1904

showed piping.
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"Railroad No. 6.— (a) During the year ending June 30, 1905, had more

than 200 rails to break, on a main track mileage of a little over 4.000 miles.

'(b) General character of the breaks. The 1899 rails are exception-

ally hard. The cause of the breakages due to straightening at the mills

where the webs were cracked, large numbers failing every year since laid.

The breaks invariably show by longitudinal cracks in the webs. As a

general rule they are removed before any failure takes place."

Mr. Wm. R. Webster (Consulting and Inspecting Engineer) :—If

it is permitted, I would like to say that the Committee this morning

received a report from another road, which may be termed "Railroad

No. 7." It is as follows

:

"In the past five years 2,850 rails failed on 400 miles of road ;
20

per cent, of these were broken rails : 80 per cent, were mashed rails.

The railroad company considered the mashed rails due to piping. Most

of the failures were on 80-lb. rails manufactured in 1900."

The President :—You have heard the report of the Committee. The

subject is now open for general discussion. We trust that we shall not

only hear from the members and from the engineering side, but also

from the manufacturers.

Mr. Chas. S. Churchill (Norfolk & Western) :—In order to start

discussion, I would make a motion that paragraph 4 on page i be

adopted.

Mr. Webster:—On page 280 of the Railroad Gazette appear the

specifications of the American Society of Civil Engineers, and in that

part of the program they had 40 inches on an 8 by 8 block.

Mr. F. E. Abbott (Lackawanna Steel Company) :—While I am a

member of the Committee. I am not in favor of that as it has been

read, and my reason is that I do not think this Association nor any

other should state definitely how much should be sheared from the

bloom. The matter is entirely one-sided. If we agree here that 25

per cent, shall be sheared ffom the bloom, we might assume that

would settle it, but it will not. The Association will be perfectly safe

in making the claim that sufficient shearing shall be done to eliminate

piping. One reason for bringing this to your attention is that the manu-

facturers are likely to oppose it, and they will have very good reasons

for doing so. If they can remove the piping by shearing 15 per cent,

they will not agree to shear 25 per cent. The object in shearing is to

get rid of the piping, and the only matter of agreement will be to reach

the point where sufficient shearing is done to remove the piping. For

that reason I think the Association will make a mistake to demand that

25 per cent, be sheared off.

Mr. Webster:—This matter was thoroughly discussed by the Com-

mittee. They say, "If, by the use of any improvements in the process

of making ingots, defects known as piping .shall be prevented, the above

shearing requirements may be modified." As to going back to the old
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requirement, that sufficient be cut off to remove the piping, we have a

large number of reports showing that does not accomplish the object.

We as a Committee say what we think is a good thing to protect the

railroad companies.. If the manufacturers refuse to work to these speci-

fications, it is up to them. We ask what we think is required to give

better results than we get to-day.

The President:—Are you ready for the question?

(The motion was carried.)

Mr. Webster :—The Committee would like information, either now

or during the year, in order to enable them to continue their work, as

to cause and nature of failures in 70-lb., 75-lb., 80-lb., 85-lb., 90-lb.

and ICG-lb. rails.

Mr. A. L. Buck (Canadian Pacific) :—The chairman of the Com-

mittee wishes to know how the lOO-lb. section stands as compared with

that of the 80-lb. section A. S. C. E. section. Our experience has been

that the roo-lb. rail has failed in as great a proportion, if not greater,

to its mileage as that of the 80-lb. rail rolled by the same company and

in the same year, both rolled to the A. S. C. E. section.

Mr. Robert Trimble (Pennsylvania Lines) :—I would like to make

a few remarks which will probably give the Association a clue as to

the kind of information we wish on that subject. The 85-lb. American

Society of Civil Engineers rail is by some called a shallow-head rail

;

others have a rail which has a deeper head. Statements have been

made that the American Society's rail is defective in having a shallow

head, and it has been claimed that that head is so shallow that it fails

by shearing off. We use the 8s-lb. American Society section, and I

have not seen any cases of that kind, although it has been reported

to me that there have been such cases on our railroad, and it has been

put to me this way : That the Pennsylvania Railroad 85-lb. rail, with

a deeper head, has been better wearing and is stronger than the Ameri-

can Society section rail. If you will look at the lOO-lb. rail of the

American Society and compare it with the other lOO-lb. rails, you

will see that there is very little difference in the depth of the head.

The difference is so little that you could hardly observe it. In the

85-lb. rail, the variation in the depth of the head is very marked, and

we have the statement of the manufacturers that the 85-lb. American

Society rail is a defective one. I am not sure about the other weights,

but assume that the same would apply to the 80-lb. and to the 90-lb.

sections. We are asking now for definite information to compare the

American Society's section with other sections which have a deeper

head, to find out whether we should have a deeper head or not in

redesigning the section.

Mr. Webster :—I do not know whether it is necessary to ask that

any action be taken to relieve us from future work on statistics as to

the life of rails for vho reasons given. The next point in the report is
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the drop test aiul tl.^ slirinkage clause. We would like some remarks

on either of these.

The Secretary:

—

"Dkop Test .\nd Shrink.vgf. Ci-.\use.—Since the

last meeting of the Association there has heen a joint meeting of this

Committee with the Committee of the A. S. C. E. on Rail Sections,

at which meeting proposed revisions of sections and specifications were

discussed. The joint committee agreed at this meeting to make no rec-

ommendations in regard to change of sections, hut agreed upon the

desirability of insisting upon two points in our specification, as follows:

The desirability of a drop test from each heat of steel and a shrinkage

clause to control the fini.shing temperature.

"We give below a comparison of our specification with the proposed

A. S. C. E. specification on the drop test and shrinkage clause, and rec-

ommend the adoption of the A. S. C. E. clauses.

"Am. Ry. Eng. and M. of W. Association Specification.— (3) One
drop test shall be made on a piece of rail not less than 4 ft. and not

more than 6 ft. long, selected from each blow of steel. The test piece

shall be taken from the top of the ingot. The rail shall be placed head

upwards on the supports, and the various sections shall be subjected

to the following impact tests under a free falling weight :

Weight of rail,

. lbs. per yard. Height of drop.
45 to and including 5.5 15 ft.

More than 55 to and including 65 16 ft.

More than 65 to and including 75 18 ft.

More than 75 to and including So 20 ft.

More than 85 to and including 100 22 f t.

"If any rail breaks when subject to the drop test, two additional

tests will be made of other rails from the same blow of steel, and if

either of these latter tests fail, all the rails of the blow which they

represent will be rejected, but if both of these additional test pieces

meet the requirements, all the rails of the blow which they represent

will be accepted.

"(4) The number of passes and speed of train shall be so regulated

that on leaving the rolls at the final pass the temperature of the rail will

not exceed that which requires a shrinkage allowance at the hot saws

of 6 in. for 85-lb. and 614, '"• for ico-lb. rails, and no artificial means

of cooling the rails shall be used between the finishing pass and the hot

saws. The above shrinkage allowance may be varied, if necessary, so

as to give a finishing temperature of not exceeding 1,600 degrees Fahren-

heit at finishing rolls for mills rolling from reheated blooms, and not

exceeding 1,750 deg. Fahrenheit at finishing rolls for mills rolling direct

from the bloom to finished rail.

"A. S. C. E. Specification.—Drop Test.—One drop test shall be made
on a piece of rail not less than 4 ft. and not more than 6 ft. long, se-

lected from each blow of steel. The test piece shall be taken from the
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top of the ingot. The rails .shall be placed head upward on the supports,

and the various sections shall be subjected to the following impact

tests under a free falling weight

:

70 to 79 lb. rails 18 ft. 90 to 100-lb. rails 22 ft.

SO to 89-lb. rails 20 ft.

"If any rail breaks when subjected to the drop test, two additional

tests may be made of other rails from the same blow of steel, also taken

from the top of the ingots, and if either of these latter rails fail, all the

rails of the blow which they represent will be rejected, but if both of

these additional test pieces meet the requirements, all the rails of the

blow which they represent will be accepted.

"The drop testing machine shall have a tup of 2,000 lbs. weight, the

striking face of which shall have a radius of not more than 5 in., and

the test rail shall be placed head upward on solid supports 3 ft. apart.

The anvil block shall weigh at least 20,000 lbs., and the supports shall

be part of, or firmly secured to, the anvil. The report of the drop test

shall state the atmospheric temperature at the time the test was made.

"The number of passes and speed of train shall be so regulated that

on leaving the rolls at the final pass, the temperature of the rail will not

exceed that which requires a shrinkage allowance at the hot saws for a

33-ft. rail of ico-lb. section, of 6x6 in-, and f^g in. less for each 5-lb.

decrease of section, these allowances to be decreased at the rate of ^g

in. for each second of time elapsed between the rail leaving the finishing

rolls and being sawn. No artificial means of cooling the steel shall be

used after the rails leave the rolls, nor shall they be held before sawing

for the purpose of reducing their temperature."

Mr. W. F. Tye (Canadian Pacific) :—I move that the American

Society requirements relative to the drop test be adopted.

Mr. Webster :—The requirement is practically the same as our own,

with a very slight difference.

(The motion was carried.)

Mr. Tye :—In order to start discussion, I would move that the Amer-

ican Society requirements regarding shrinkage be amended by substi-

tuting 6^ in. in place of 6Ve i"- as the allowance for lOO-lb. sections.

My reason for this is that I am not quite clear what effect the last

portion will have, which states : "These allowances are to be decreased,"

etc. I am under the impression that the allowance given is larger

than the allowance in our own specification, and I think the allowance in

our own specification is quite high enough. I have not here the in-

formation as to the time which lapses between the time the rail leaves

the finishing rolls and being sawn. I am. of course, aware that it is

different in each mill.

Mr. Webster:—I will say that the allowance we give is from the

instant the rail leaves the rolls. We commence allowance or correction

for time from then.
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Mr. Tye:—What is that time?

Mr. Webster:—We have the different reports. 1 thini< you will find

it to be about twenty seconds. It will give practically the same allow-

ance as yours. That has been gone into pretty carefully. Do you

remember your allowance?

Mr. Tye :—What we have been able to attain is 6 in. for 8o-lb. rails
;

but we have been trying to get better.

Mr. Webster:—On 30 or 33-ft. rails?

Mr. Tye :—Thirty-three-ft. rails.

Mr. Webster:—Six inches is less than you would have in five

seconds. According to this, you would have 6% in. If you have 15

seconds, which is the average time, you would have 6 in. I will tell

you frankly that the Committee have gone iiito this very carefully, and

we will of course go over it again if it is referred back to us, but we
do not want a motion to change it.

Mr. Tye:—My object in making the motion was to elicit infor-

mation.

Mr. Webster:—Then we will take it up and report at a later time.

Mr. Tye:—I will change my motion and ask that it be referred back

to the Committee.

Mr. Webster :—That is the course that was followed yesterday with

reference to the Committee on Iron and Steel Structures. After a com-

mittee has done its best work, it should not be reversed on the floor,

unless there is good reason.

Mr. Tye:—Most of the committees are reversed on the floor very

frequently.

The President :—Does the chair understand your motion to be that

this matter be referred back to the Committee?

Mr. Tye :—Yes.

Mr. Webster :—The Committee will be glad to go into it again

and make a further report at the next meeting.

(The motion was lost.)

Mr. Churchill :—I now move that the recommendation of the Com-
mittee on the matter of the shrinkage clause be adopted.

(The motion was carried.)

The Secretary:
—

"Specifications.—Difference between the A. S. C. E. ,

and the A. R. E. & M. of W. Association specifications :

"The main difference between these two specifications are as follows:

"Chemical Composition.—Am. Ry. Eng. & M. of W. Association

Specification :

"(2) Rails of the various weights per yard specified below shall

conform to the following limits in chemical composition:

Per cent.
50 to 59 60 to 69 70 to 79 80 to 89 90 to 100

lbs. lbs. lbs. lbs. lbs.
Carbon 0.35-0.45 0.3S-0.4S 0.40-0.50 0.43-0.53 0.4R-0.55
Phosphorus not to exceed 0.10 0.10 0.10 0.10 0.10
Silicon shall not exceed 0.20 0.20 0.20 0.20 0.20
Manganese 0.70-1.00 0.70-1.00 0.75-1.05 0.80-1.10 0.80-1.10



564 RAIL.

"A. S. C. E. Specification :

"Chemical Composition.—Rails of the varions weights per yard

specified below shall conform to the following limits in chemical com-

position :

Percentage
70 to 79 80 to 89 90 to 100

lbs. lbs. lbs.

Carbon 0.50-0.60 0.53-0.63 0.55-0.65

Phosphorus shall not exceed 0.085 0.085 0.085

Silicon shall not exceed 0.20 0.20 0.20

Sulphur shall not exceed 0.075 0.075 0.075

Manganese 0.75-1.00 0.80-1.05 0.80-1.05

"We recommend the A. S. C. E. specification, with the addition of

the following footnote : Carbon may be reduced to suit local conditions."

Mr. Tye :— I move that the American Society's requirements regard-

ing chemical composition be adopted.

Mr. Webster:—With the footnote?

Mr. Tye :—Without the footnote.

Mr. Webster:—As a member of the Committee I would like to

amend the motion to the effect that the American Society's requirement

for chemical composition be adopted. Some of the members claim it is

easier to reduce the carbon than increase it. I therefore move that the

clause be accepted with the footnote.

Mr. Tye:—My objection is to the footnote. I would like to see

the footnote changed to read that phosphorus may be reduced where

the conditions will permit. I know it is possible to get phosphorus in

certain sections lower than this, but the carbon should be kept up.

Mr. Webster :—We thought we had gone about as far as we could

on the phosphorus question. I know some of the roads have suc-

ceeded in getting lower phosphorus. We would like to have an expres-

sion from the members on the phosphorus question because it is vital.

Mr. Tye :—The Canadian Pacific has succeeded in certain sections

in getting lower phosphorus than .085. I think when it is possible to

get it that we should do so.

Mr. Webster:—So do we, and another footnote might be added,

"Wherever possible."

The President :—The motion before the house is to adopt the

requirements of the American Society of Civil Engineers for chemical

composition, with the footnote appearing on page 5.

Mr. George Thackray (Cambria Steel Company):—I would respect-

fully suggest, so far as the carbon is concerned, that it is about right,

but when you come to consider the question of low phosphorus, namelj'..

.085 per cent., in Bessemer rails, you are at once met by the practical

difficulty that there does not exist in this or any other country from

which we draw our ore supplies a sufficient quantity of ore to make the

total tonnage of rails of that composition when the other needs of the

trade are considered, and you are then attempting what is practically

impossible. We are all aiming at perfection, and think low phosphorus
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is better than high ; but we must not shut our eyes to the fact that it

cannot be had for everything, and I want to call the attention of the

Association and of the Committee to that particular point and ask

them to think it over

Mr. Webster:—Mr. Tye remarked that he thought .085 phosphorus

too high, because he thought the railroads were getting to lower phos-

phorus.

Mr. Thackray :—One railroad might obtain low phosphorus rails,

but if they are getting them they are doing so at the expense of the

rest of the railroads, because there is not enough to go around

Mr. W. M. Camp (Railway and Engineering Review) :—Some years

ago it was the practice to allow a higher limit to the railroads in the

West. I would like to ask whether that practice is still in force.

Mr. Webster :—There are various conditions due to the mills using

different ore. With Cuban ore. they could meet it in the East, whereas

they could not meet it in the West.

Mr. A. L. Buck (Canadian Pacific):— I do not quite get the force

of the remarks of Mr. Thackray about the necessity of the use of high

phosphorus rail, regardless, on the ground that it is impossible to obtain

sufficient quantities of ore of low-grade phosphorus to produce sufficient

quantities of steel to meet the demands of the country. This appears

like an admission that proper material was not being used in the manu-

facture of rails.

Mr. H. T. Porter (Bessemer & Lake Erie):— I rise for a little

information. Our rules state that "No report shall be published in the

Proceedings unless it shall have been acted upon by the convention
;"

also, "Reports received after December 31st will not come before the

following convention, will be withheld from the public press, published

in a Bulletin after the convention, and considered at the next conven-

tion." This Bulletin was not issued until about a half hour before this

meeting convened, and I would like to ascertain what action the conven-

tion proposes to take on this report. I do not want to obstruct the pro-

ceedings of the Association, but I think it very important that members

should have an opportunity of cor.sidering and investigating a report

before adopting specifications, as is done in the case of the other com-

mittees.

The President :—The chair will state that Mr. Porter is correct in

saying that the rules provide that reports received after December 31st

will not be presented to the convention. The Board of Direction, how-

ever, has the privilege of granting permission to present such report,

and request was made to. the Board that this report be allowed to be

presented at this meeting. The chairman of the Committee also stated

that such conclusions as the Association was not prepared to pass upon

should be referred back to the Committee for further consideration and

report. Mr. Webster, have you anything to say upon this feature?
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Mr. Webster:— I take occasion at this time to thank the Board of

Direction for giving us the privilege of bringing the matter up now,

and also thank Mr. Fritch for putting this matter in print. We did not

finish our committee work until 5 o'clock Tuesday afternoon. About

6 o'clock we gave the report to Mr. Fritch, and yesterday afternoon we

had it in printed form. I think that is a record for quick work that

no other association has equaled, and we are under great obligations to

Mr. Fritch for helping us out in such a splendid way.

Now, all the members of this Association, I think, have seen the

report of the committee of the American Society of Civil Engineers,

which was made in January. Since that report was published I made

a request of the Board of Direction to bring it up for discussion. That

is all we have done. If there is anything in the report that the members

do not wish to accept, we will be glad to have it referred back to us;

but I do take exception to any vote to reverse the action of this Com-

mittee—or any other committee, for that matter—on a subject to which

they have given considerable thought and study. Let us have it as an

unwritten law to refer back to a committee any portion of a report that

is not acceptable for further consideration, and give one committee the

same treatment that we give another.

Mr. W. A. Bostwick (Carnegie Steel Company) :—As a matter of

information I would like to ask the Committee if these recommendations

are intended to be known as literal specifications or as an approximate

specification? Criticism would naturally be guided considerably by the

decision on that question.

Mr. Webster :—The Committee has submitted a specification, 'which,

if lived up to, would give a satisfactory rail. The matter has been

thoroughly discussed, and we have also carefully considered the informa-

tion secured in regard to the breakage of rails. The present specifications

are not securing us rails that are giving the service that should be

expected from rails relied from good steel made under good conditions.

We have obtained a large mass of data on this subject, sufficient to

satisfy anyone that the rails we are getting are not giving satisfaction.

We want a better rail. We have asked that the manufacturers state

what objections they have to complying with the specifications, and

what percentage of their rails they can make under the requirements.

Mr. Porter:—Are we to understand that the adoption of the dififer-

ent sections of this report would mean that they would be the specifica-

tions of the Association ; that they would amend the present specifica-

tion and become the authorized version?

Mr. Webster:—Yes, where we have added any matter. We have

further stated that after the discussion of the American Society specifi-

cations at the June convention we may be able to adopt- them as a

whole. In that connection I want to have road, later, a letter from

Mr. Jos. 'V. Richards, a member of the conmiittee of the American

Society of Civil Engineers, showing the desire on his part to work in
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harmonj' with this Association. The conditions are very similar, and we

hope to get a joint specification from the two societies.

Mr. Porter :—I have, with such spare time as I have had at my

disposal, looked into the question of rails and find it a very interesting

subject. There are several features of this specification that were only

brought before the Committee yesterday.

Mr. Webster:—I want to call Mr. Porter's attention to the fact that

he received a letter about two months ago, as did every other member

of the Committee, in which every point that was brought up at the

committee meeting yesterday was mentioned.

Mr. Porter :—I have the letter here, and would be glad to have

it read.

Mr. Webster:—In the letter referred to it was stated that the

specifications of the American Society of Civil Engineers and their

report would be subject to discussion at this time. We have not brought

in any point not covered in their specification except a suggested

modification. Each member of the Committee was also furnished with

a copy of the replies received from railroad companies, tabulated by

Mr. Fritch.

Mr. Porter :— I received the tabulation mentioned, but it simply

gave information concerning the number of rails broken tjn certain

railroads and the year in which they were rolled, but it did not give

details sufficiently to draw conclusions therefrom.

Mr. Webster :—We are not asking the Association to do anything

in regard to the abstract questions connected with this report.

Mr. Hunter ^McDonald (Nashville, Chattanooga & St. Louis) :—

I

rise to a point of order that this discussion is out of order.

The President:—The point is well taken.

Mr. Buck:—I think that the majority of the members present

believe that the specifications of the American Society of Civil Engi-

neers are a theoretical specification that has never been met. The

road with which I am connected has perhaps in round numbers six

hundred miles of rail rolled practically under these specifications, and

which are now in the second year of their service. I have observed

these rails very closely as well as rails of different mills rolled under

practically the specifications of this Association, and I believe that this

proposed specification as to chemical composition is about right.

While we have failures in the high carbon rails, they are not result-

ing from the chemistry, but from the physical condition or qualities

of the rail. Without exception, so far. the failure has resulted from a

pipe, flaw or seam. The metal itself has not failed, but has demon-

strated that it is sufficiently hard to withstand the loads and service

imposed without flattening out or. mashing down, as is the case gener-

ally with the carbon rails rolled since 1896. These latter rails as well

as being soft in metal were in many instances badly piped, and often

failed by the pipe in the ball of the rail giving down so as to cause a
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drooping in the running surface of the rail that would soon lead to the

destruction of the rail. This class of failure has heen eliminated hy the

high carbon rails, but undoubtedly as many pipes exist in the ball of

the rail as formerly and are kept from failing by the superior strength

or hardness of the metal. The pipes that are causing the high carbon

rails to fail are those that exist in the flange or base of the rail, this

being explained by the base having to sustain a tensile strain instead

of one of compression. While we have had more failures in our high

carbon rails than is desirable, they are largely localized, showing that

the prime cause is one of manufacture and not general. On one division

where the soft or low carbon rails utterly failed and were replaced by

these high carbon rails, there is yet scarcely a failure. This division is

among our first for heavy and fast traffic, and the comparison of the

service of these latter rails with that of the former ones is certainly

encouraging.

The weakness yet to be eliminated by the manufacturers is the piping.

Once that is overcome I believe we will have a rail that will prove as

satisfactory under our heavy traffic as the early light section steel rails

did under their traffic.

Mr. Webster :—As a matter of fact, I understand you have less phos-

phorus in your rails, and the amount of discard is less than the specifica-

tion calls for—it is a little lower than that.

Mr. Buck :—I would refer the discussion of the chemical composition

to Mr. Tye, who is more familiar with it.

Mr. Tye :—The phosphorus in the rails which we use, made from

Lake Superior ore, is the same as this specification—.085. In the case

of rails made from Eastern ores, the phosphorus is .075. Our discard,

however, was only to cut off the ragged ends, and after cutting off the

point that did not seem solid to go 12 in. further into seemingly solid

material, and to keep on cutting until the solid material was reached.

Mr. Webster :—I have prepared some tables showing the amount of

shrinkage for different weights of rails, as referred to in the specifica-

tions, and in the case of Mr. Tye, using an 80-lb. rail, the shrinkage,

according to this table, is 6 in. for a time limit of 15 seconds, or a

quarter of a minute, which corresponds exactly with the shrinkage

called for in your specification.

Mr. Tye :—That information answers my question of yesterday. I

still believe that even a 6-in. allowance for shrinkage is too great,

because we all know that one of the most important things in getting a

good rail is to have it rolled at a low temperature. The smaller your

allowance for shrinkage, the lower the temperature.

Mr. H. C. Griswold (Illinois Steel Company) :— I liave had some

experience with a rail rolled practically to this chemical requirement—an

80-lb. rail. The carbon was .55 to .65, and the phosphorus .085. This

rail gave very poor service. It was exceedingly hard and broke square

through the section and by cracking through the web ; by irregularly

>
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cracking about horizontally or longitudinally through the web. In a

number of cases where I examined these cracks it was plain to be seen

how the rails had lieen l)roken. They had been struck by the section-

men with their spike mauls in gaging the track, and the blows from the

spike mauls had started very small irregular cracks. These cracks

would gradually enlarge, and finally, if the rails were not removed from

the track, they would break. We made monthly inspections of this

rail, which was rolled in 189Q, and I suppose they are still making

them. We usually took the rails out before they would break. I

inspected, not a great whilt^ ago, ten cracked rails, and out of these

ten, nine had these spike maul marks. The reason for treating the rail

in this rough way was that the spikers had only their gage and spike

mauls at hand, and if the rail came within a sixteenth or an eighth of

an inch of the gage they would tap it in the web with the spike maul,

and these cracks started in that way gradually open up. It is my
opinion that a rail rolled under this specification would prove to be

a very tender rail and one easily broken through shock.

Mr. Tye :—We have had no such experience as the last speaker

mentions. We have now had at least four different orders of 65,000

tons, each rolled to these specifications. As you know, the Canadian

Pacific runs through a rather cold country', and yet we have had no

such breaks as he speaks of. We have had no square breaks either in

the head or the web. and we have very few breaks of any kind. That,

in our experience, is in marked contrast to what we. had when the rails

were rolled under the old specifications. As to our breaks, as Mr.

Buck explained, I think I am safe in saying that 90 per cent.—probably

more—come in the base, and in every case show they were due to pipes,

clearly demonstrating that the discard was not sufficient. I believe that

this trouble will be well met by this requirement regarding discard.

Mr. Trimble:— I did not understand the name of the road to which

Mr. Griswold referred.

Mr. Griswold :—The experience had was on the Louisville & Nash-

ville. A roadmaster on an adjoining division also noticed this same

trouble and called attention to it. It was Mr. Brumley, who is now

Principal Assistant Engineer of the Illinois Central. Perhaps he will

give some additional light on the subject, if he is present.

Mr. Webster:—Do you think that these rails were tender, as you

term it, or brittle, due to the .085 phosphorus?

Mr. Griswold :— I think it was due to the high carbon and the

phosphorus being too high for that high carbon.

I\Ir. Webster:—Then you do not think we are unreasonable in

asking for .085 phosphorus?

Mr. Griswold:—Have you asked for such high carbon?

Mr. W'ebster :— I would call your attention to the footnote which

is attached to the clause, referring to a lower carbon, which reads :
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"Carbon may be reduced to suit local, conditions." If a road wants lower

carbon, it can use that phosphorus for the lower carbon.

Mr. Griswold :—What would be the local condition?

Mr. Webster :—The local conditions might be at the steel mills,

finishing the rails with 7-in. shrinkage, which would give large grain,

and make it desirable to keep the carbon down. Another mill might

finish with 5 in. or 3 in. shrinkage, and the carbon might be a little

higher. The local conditions might be on the track—a cold or a hot

climate. That has been given by the Committee in general terms, and

if in placing your next order for rails, you would take into consideration

the local conditions governing the mill, I think you will get better

results.

Mr. Griswold:—The rails I refer to were laid in a rather warm

climate, and practically all the breakages started from their being

struck in the web. That is a practice which is very common, and if

the rail had not been so hard, it would not have started the cracks.

Mr. Webster :—Then you would not recommend such high carbon on

future orders for rail?

Mr. Griswold :—I do not think that it has been done since then.

Mr. Abbott :—In connection with the specification of the American

Society of Civil Engineers, it would be interesting to hear from the

railroads that have used what is regarded as high-carbon rails. The

mills raise some objection to increasing the carbon in the rails under

the revised specification. They can roll them—they can roll as many

high-carbon as low-carbon rails, but they cannot pass the drop test called

for with the same degree of safety. In other words, the railroad engi-

neers raise the carbon, which they anticipate will make a harder rail,

and they also keep up the drop test required on lower carbon rails.

They work somewhat against themselves in that regard. If the railroad

engineers get a harder rail, they do not want to put a drop test on

it which is going to destroy the best steel, or that will result in discard-

ing the best steel. Further, it is not altogether certain that the higher

carbons thus far put out are exactly what the engineers want. I have

in 'mind one road—a very large system—which ordered the higher carbon

rails. I think they wfere trying for an average of .58. That was in

accordance with their engineer's ideas, and he is a good man, a metal-

lurgical engineer, and a student of rails. That carbon was granted, and

these rails went into service ; they also broke in service. The operating

department immediately called on the engineer to lower his carbon,

which he did. fiie operating department was afraid to continue the use

of the high-carbon rails, or. in other words, to increase their tonnage

of that kind of rail. What we ought to learn at this meeting is what

success the engineers have who are using the high-carbon, rails, and

whether or not in their opinion the breakage is incrtased, with the use of

that kind of steel. If the breakage has been large, whether it is always

the fault of the steel, or possible changes in the rolling stock, and other
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things which have been changed simultaneously with the use of the

harder rails.

Mr. Buck:—Perhaps I did not make myself clear. In the case of

the former rails there were probably one hundred rails that failed to

one of these harder or high-carbon rails, but not in the same way; they

failed by rolling out of shape and mashing down and had to be removed

by the mile, \vhile the high-carbon rails have failed by breakage. I

have watched the matter very carefully for the last few years and I feel

safe in saying that not one per cent, as many of the high-carbon rails

will be removed from the track in ten years as of the soft rails. We
have in their chemical composition the requisite hardness to carry the

wheel loads and not deform the shape of the rail. The point to over-

come is the piping. If we can eliminate the piping in the manufacture

of the rail I am confident that the high-carbon rail will stand the service

test. If there is anyone present who has had high-carbon rails in

service I would like them to give us the results of their experience.

One. gentleman spoke about his finding on investigation that some rails

had split from the blows of spike mauls in setting the rails up to gage.

I do not think a spike maul will split a structurally sound rail. We
m?y make a rail jagged, but not split it. T notice in this list of failures

that one road reports a large number of failures by square breaks.

Evidently that road has based its report on that made by the section-

men. I have examined a great many reported square breaks, and I feel

confident that if they make a careful examination they will find, as

I did. that the break resulted from a seam, a pipe, or a flaw, or a nick

in the flange, the last causing a square break. The pipes that are giving

us trouble are those in the flange of the rail, usually near the middle

or under the web of the rail. This pipe running from 6 to i8 in. in

length and after extending nearly the depth of the flange and running

out of the base up a seam whose walls are smooth, and sometimes the

smooth walls are as much as one-eighth of an inch deep.

Mr. J. H. Wallace (Southern Pacific) :—The specifications of the

Southern Pacific Company, under w-hich we have been purchasing rails

for several years past, calls for what is classed as "high-carbon" steel.

Under these specifications the rails received have averaged about .55

carbon and phosphorus not in excess of .085. We do not find that this

riiil is brittle. I have not the figures at hand, but am satisfied that we

have experienced less trouble from broken rails than most of the roads

quoted by the Committee in their report. Nearly all of our breakages

are due to imperfections in the rail, probably from piped ingots. A
flaw of this character, if in the head, causes the head to spread and

break down ; if in the base or web, causes breaks of various forms. We
are all agreed that excess of phosphorus is bad and are desirous of

keeping this element as low as possible. I am opposed to increasing

the allowable amount of phosphorus, and think we should fix the limit

regardless of the mill men : that our specifications should call for a rail
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such as we think it should be, without any reference to what the mill

men are able to furnish. We should not attempt to compromise with

them. If the mills are unable to furnish what we call for, and a com-

promise is necessary, it should be made by our principals when making

contracts.

Mr. Thackray:— I would like to call the attention of the members

to the fact that the specifications of the American Society of Civil

Engineers, which we now have under consideration, have not been

endorsed or passed upon by that society. They have merely been pre-

sented to the society at their January convention, and are to be dis-

cussed hereafter, so that when you are considering these specifications

you are not dealing with an accomplished fact.

I\'Ir. Webster:— I would like to make a further explanation in

regard to Mr. Thuckray's statement. The majority report and the

minority report on these specifications were accepted at the January

conventions, and I think it will come up ; we refer to that in this

present report. We hope to bring before that society through its com-

mittee anything that is done here at this meeting to-day. We would like

very much to arrive at a joint specification, and I will ask our Secretary

to read an abstract from the letter of Mr. Jos. T. Richards, Chief

Engineer of Maintenance of Way of the Pennsylvania Railroad, chair-

man of the Committee on Rail of the American Society of Civil Engi-

neers.

The Secretary :
—

"Referring to the last paragraph of your letter,

asking me to give my views in the matter that will be before your

meeting on March 19th, I would say that I do not believe that I can

add anything to the report of the Committee on Rail Sections of the

American Society of Civil Engineers. My idea would be for our Com-

mittee, of which you are chairman, and the American Railway Engi-

neering and Maintenance of Way Association to consider the American

Society's report and make such comments as they wish, and if the

several coinmittees can keep their recommendations pretty closely on the

same lines, it would give us less embarrassment than if the committees

were to become widely separated. I do not see any reason why the

several committees, intermingled as they are very much, should not

join in a report. Of course, there may be some slight differences, as

we had by minority reports in our American Society committee, but

these are not serious matters considered as a whole.'"

Mr. Webster:—In further explanation of what has lieen read, I

would say that in my minority report to the .American Society I did

object to the high carbon, and at my request this additional footnote

was added, which we have been discussing: "Carbon may be reduced

to suit local conditions." In regard to what Mr. Abbott said in regard

to the high-carbon mils not meeting this drop test, we do not expect

them to meet it under the present conditions of rolling. We think that

the rails arc finished too hot. I mean all rails. We want better con-
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ditions. The reason we want better conditions in rolling is that the

present rails are not giving satisfaction. As a committee, we tell you

what we deem would give you a better rail, and it is for you to accept

it or refer it back to the Committee.

The President :—The chair will now put the question on the original

motion, for the adoption of the requirements of the .\nierican Society

of Civil Engineers, including the footnote

(The motion was carried.)

The Secretary:

—

"Str.\ightening Rails.—The A. S. C. E. Com-

mittee has a specification in regard to straightening rails, which we

think to be a desirable addition to our .specification and which wc recom-

mend with some modification.

"Straightening.—Caie must be taken in hot straightening the rails,

and it must result in their being left in such a condition that they shall

not vary throughout their entire length of 33 ft. more than 3 in. from a

straight line in any direction, when delivered to the cold straightening

presses. Those which vary beyond that amount, or have short kinks,

shall be classed as second quality rails and be so stamped. The distance

between supports of rails in the gagging press shall not be less than 42

inches."

"Section 11 in our specifications should also be modified to read as

follows

:

"Rails shall be straight in line and surface when finished—the

straightening being done while cold—smooth on head, sawed square at

ends, variation to be not more than oh in., and, prior to shipment, shall

have the burr occasioned by the saw cutting removed and the ends made

clean. No. i rails shall be free from injurious defects and flaws of all

kinds."

Mr. Churchill :— I move the adoption of the recommendation of the

Committee as just read.

Mr. Abbott:—I am not in favor of that clause as it reads. It is

an addition, something new in the specification, to include anything of

that character. It is another case where the engineers take the position

of placing restrictions on the mills in their operation. It leads to an

interference with operation, and to a rejection of material, or reclassifi-

cation of material, which may be entirely good. The American Society

committee have a clause of this character in their proposed specification,

in which they make the limit 5 in., and it does not appear why this

Committee should immediately come out with something like 40 per

cent, different from what the other committee suggested. In the first

place, it is something new in the specification, and they have evidently

endeavored to get in line to meet the mills. What they are trying to do

is to get something that is practicable, something that is fair, and

we step in and add something that we are almost certain will meet

with objection on the part of the manufacturers. Therefore I think

if this Committee puts in the clause, it .should not be changed from
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the American Society recommendation. Any mill in rolling rails will

endeavor to have them come through so that hy the time they are

cooled they will be nearly straight; the more nearly they are straight

the better it is for the mill and the road buying the rails. No mill would

fill its hotbed with rails showing 5-in. camber ; that would be against

the interest of the mill. Ordinarily they would try to keep it down to

one inch and make rails perfectly straight, if possible; but if by mishap

the rails should come through that had a camber of 3^4 '"•. the m.ill

would expect to straighten those rails and make them first quality, and

they would object to a clause of this kind in the specifications which

would require putting such rails in the second class. The probability

is that there would be a small percentage of rails that would even

reach this condition ; Init the mills regard it as an unfair restriction

to load up our specifications with things on which the railroad engineers

and mills could not agree. For that reason 1 think if it is put in at all,

it should be a greater distance than 3 in.

Mr. Trimble:—I think Mr. Abbott has given all the argument we

need to leave this clause in the specification as we have it. He says

there is a small proportion of the rails which have a camber of 3 in.

when they reach the hotbed. That was the information that was

given to the Committee—that a large proportion of the rails did not

reach anything like that figure. We know that rails are injured in the

gagging press in straightening th.e rails.

Mr. P. E. Carhart (Illinois Steel Company) :—I take it that these

specifications are intended to be general ; that is, applicable to all

standard rail sections—whether balanced or unbalanced—that are used

by the leading railway companies. The large-headed rail will, of neces-

sity, demand more cambering than the small-headed rail. It is impos-

sible to control the cambering of these rails to such an extent as to

bring them within the limits named in these specifications. In Chicago

the atmospheric conditions have a great deal to do with this matter.

We often have a drop of twenty to forty degrees in temperature in a

few hours' time, hence this sudden change from a hot south wind to

a cold north wind, passing over the hotbeds, will produce a correspond-

ing change in the cambered rails. Those receiving the cold air first

will be cambered more than the others. The requirements you name

in your specifications are altogether too theoretical. What you want

is not so much theoretical, but practical working conditions.

Mr. Webster :—I regret very much that Mr. E. F. Kenney, Inspect-

ing Engineer of the Pennsylvania Railroad, is not here, for since the

American Society specifications were proposed, Mr. Kenney has made

a special study of this matter of straightening of rails, visiting the

gag press of dififerent mills, and it was at his request that. we reduced

the 5-in. limit to 3 in. I am pleased that Mr. Carhart referred to the

matter of unbalanced sections and undesirable sections in rolling. We
have too many sections to-day, and if you try to follow what is
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considered good practice in using a cambering machine, it may result

in throwing out some sections. I refer to the difference in finishing

temperature between the flange and the head. If you have an unbal-

anced section, or thin flange, it gets cool much quicker in the head,

and you have to stretch the flange enough to correspond with the

shrinkage of the hotter metal in the head. You cannot put the work

on the head at low enough temperature to elongate the particles.

What we want to do is to get rid of some of the sections which Mr.

Carhart referred to, and this straightening clause may do that by

bringing it to the attention of the engineers that they are using a

bad section.

Mr. Carhart :— I do not think that any rail specification has been

drawn up that will have such an influence on the roads using their

own section during the past fifteen years as to get them to change for

the reason cited by Mr. Webster.

Mr. Thackray;— It might be well to call attention to the fact that

it was only last January that the committee of the American Society

of Civil Engineers, of which I happen to be a member, discussed this

question quite fully, with the information before them at that time, not

more than two months ago, and they were led to believe that 5 in.

was the right figure. I certainly do not know of anything that has

happened in the last two months which would change that. It was

considered quite carefully at the time.

Mr. Webster :—Nothing has happened, Mr. Thackray, except the

report of Mr. Kenney, who has watched the rolling of the rails at

your mill, as well as at some of the other mills.

Mr. Thackray:—Mr. Kenney had the facts on which the 5-in.

specification was drawn ?

Mr. Webster :—I beg to differ ; Mr. Kenney was not a member of

the American Society committee.

Mr. Thackray :—He was at the meeting.

Mr. Webster :—No ; Mr. Richards was there, but not Mr. Kenney.

Mr. Kenney has made it his particular business since then to make a

study of this matter, and given us the benefit of his experience. We
do not want anything unreasonable. We want this fully discussed.

We have all observed the effect of the camber and have shown you that

you can do better work. We have a mass of information referring

to rails broken by reason of the gagging marks. Mr. Kenney gave us

some information concerning rails which had broken twelve days after

being put in service, due to the supports of the gagging press being

too near together. He said they were 27 in. apart on a loo-lb. rail.

They increased them to 42 in., and trouble ceased.

Mr. A. J. Himes (New York, Chicago & St. Louis) :—We had

some 75-lb. rails rolled recently which had a camber much greater

than 5 in., but they were straightened in the gagging press, and I am
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strongly in favor of any reasonable limitation on the curvature of the

rail before it is straightened.

Mr. Webster :— I do not want to prolong this discussion unneces-

sarily, and do not wish to commit the members of the Committee to

have this referred back for further consideration. I call for the question.

Mr. Abbott :— I want to make a little explanation. We would ex-

pect the mills naturally to make an objection to a limit of 3 in. I

would explain why Mr. Kenney proposed to put that in : He said it

was in order to require the mills to adjust their cambering rolls

properly, and not allow a lot of rails to go through with excessive

camber. The mills ordinarily would not do that ; they would correct

it in their own interest ; but in a large mill a considerable number of

rails might pass through before that could be done. I know of one

mill in particular where 36 rails might pass through the mill before

the matter could be attended to. If it develops that the cambering

rolls are curving too much, it is often not practicable to fix them without

stopping the mill. The mill will run till all hot bars in process of

rolling were put through, making perhaps thirty to forty rails. Then

the mill would be "blown down," as the mill men say, and the camber-

ing rolls corrected. But you can see that before that could be done

there would be thirty to forty rails on the hotbed with too large a

camber, according to these specifications. The mills would claim that

they would put these rails in good order by making them straight as

required. They would feel they were restricted too much with a limit

of 3 in., and would not want to grant it, with the constant danger of

being required to reclassify as l?rge a tonnage of rails as described.

Mr. Webster :— I regret it if I have given you a wrong impression

of Mr. Kenney's proposition. He does not want you to stop the mill,

but to make quick changes. He wants good rails. If there are a lot

of rails coming up which he thinks are being gagged too much, he

wants something in the specifications to say these rails should go into

the seconds. He is a practical man, and he claims 3 in. is sufficient,

basing it on a record he has made from actual observation since this

5-in. clause was suggested.

(The motion of Mr. Churchill was carried.)

The President :—The Committee asks the chair to announce that they

are willing to abandon the discussion on the paragraph headed "Arrange-

ment of Matter in Specifications," on page 6, and invite written dis-

cussion, to be sent to the chairman of the Committee as early as prac-

ticable, or throughout the year.

Mr. McDonald :—Before the Committee is dismissed, I think the

action we have taken to-day should be ratified by the convention, in

order that there may be no question as to its legality under the rules.

I move, therefore, that the rules, so far as the consideration of this

report is concerned, be suspended.

(The motion was carried.)
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Mr. Webster:—On behalf of the Committee, I desire to thank tlie

railway companies for the full information they have given us in

regard to wear of rails and breakages of rails, and I would like the

sense of the meeting whether it would be desirable to publish a tabula-

tion giving the results of this investigation, without giving the names

of the roads. That is, would it be of anj^ service to you if the results

were given more in detail than is given in the case of the few roads

referred to in the present report.

I also take occasion to thank Mr. Fritch for securing this informa-

tion and tabulating the results. It saved the Committee a great deal

of work, and we are under obligations to him.

The reason I ask for this expression is that we called for the

information as confidential, and we do not wish to publish anything

that any road would prefer not to have published. If any road giving

us information has a representative here, and will speak on the subject,

we would be glad to have him do so.

The President :—If there is no further discussion, the Committee
will be excused with the thanks of the convention.

37





REPORT OF COMMITTEE NO. VIII.—ON MASONRY.

To the Members of the American Raiki'ay Engineering and Maintenance

of JFay Association:

Your Committee held two meetings at Cleveland, O., on June 20

and 21, 1905, with the following attendance : Messrs. E. C. Brown,

W. B. Hanlon, C. H. Moore, G. H. Scribner, Jr., J. W. Schaub and

Prof. G. F. Swain.

The second meeting of the General Committee was held at Chicago

December 20, 21 and 22, 1905, the following members being present:

Messrs. E. C. Brown, John Dean, C. W. Boynton, G. H. Scribner, Jr.,

J. W. Schaub, Job Tuthill and H. W. Parkhurst.

The sub-committee on waterproofing met in Chicago on December

9, Messrs. A. O. Cunningham, C. W. Boynton and Prof. W. K. Hatt

being present.

Your Committee has no changes to recommend in the matter per-

taining to the work of the Masonry Committee appearing in the Manual

of Recommended Practice.

CONCRETE FAILURES.

The Committee recognizes that many failures of concrete structures,

plain and reinforced, are continually taking place, due to various causes,

and can be classified under the following heads:

(i) Improper design.

(2) Premature or improper loading.

(3) Improper materials, proportions or workmanship.

At present no details of any failures will be given, but the several

members of the Committee have considerable information at hand, which

will be presented in due time.

The Committee desires to have the individual members of the Asso-

ciation call attention to any failures coming to their knowledge, and

give the chairman all the information available, and, if possible, obtain

the data from the engineer in charge of the work ; otherwise it may

not be reliable.

579
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WATERPROOFING MASONRY — METHODS, RESULTS, COS r

AND RECOMMENDED PRACTICE.

Inasmuch as this subject is under consideration by the Joint Com-

mittee on Concrete and Reinforced Concrete, and as the Masonry

Committee is fully represented on special committees appointed by

the Joint Committee dealing with this matter, it was deemed advisable

not to take independent action at this time, but to recommend that

this subject be reassigned for next year, with instructions that the

Committee keep in close touch with any action taken by the Joint

Committee above referred to, in order that the conclusions of the

two committees might coincide.

WATERWAYS FOR CULVERTS,

The sub-committee having this subject under consideration has

not been able to meet during the year, and has not therefore prepared

a formal report. However, the chairman has presented an article on

"The Requisite Waterway for Railroad Culverts," which will appear

in a later Bulletin.
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SPECIFICATIONS FOR STONE MASONRY.

GENERAL.

I. Stone masonry shall be built of the kinds specially designated. Stoue.

with such arrangements of courses and bond as shown on the drawings

or as directed. The stone shall be hard and durable, free from scams

or other imperfections, of approved quality and shape, and in no case

have less bed than rise, and shall be laid on their broadest beds, well

bonded and solidly bedded. When liable to be affected by freezing, no

unseasoned stone shall be laid.

*2. Dressing must be the best of the kind :>pecified for each class Dressing,

of work.

*3. Beds and joints or builds must be square with each other, and

dressed true and out of wind. Hollow beds will not be allowed.

*4. All stone must be dressed for laying on natural beds.

*5. Margin drafts must be neat and accurate.

*6. Pitching must be done to true lines and exact batter.

*/. The sand and cement should be mixed dry and in small batches Mortar,

in proportions as directed, on a suitable platform, which must be kept

clean and free from all foreign matter ; then water is to be added, and

the whole remixed until the mass of mortar is thoroughly homogeneous,

and leaves the hoe clean when drawn from it. It must not be retempered

after it has begun to set.

*8. All stones must be laid on natural beds. Each stone must be Laying,

settled into place in full bed of mortar.

*g. No stone must be dropped or slid over the wall, but must be

placed without jarring the stones already laid.

*io. No heavy hammering will be allowed on the wall after a

course is laid.

See amendment, page 602.
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*ii. If a stone becomes loose after the mortar is set, it must be

relaid with fresh mortar.

*I2. Each stone must be cleansed and dampened before laying.

*I3. Stones must not be laid in freezing weather unless allowed

by the Engineer. If allowed, they must be freed from ice, snow or frost

by warming, and laid in mortar made of heated sand and water, or,

with proper precautions, mixed with brine in proportions of one pound

of salt to i8 gallons of water, when the temperature is 32 degrees

Fahrenheit. Add one ounce of salt for every degree of temperature

below 32 degrees Fahrenheit.

*I4. Stones must be laid to exact lines and levels so as to give

the required bond and thickness of mortar in beds and joints.

*I5. Mortar in beds and joints of exposed faces must be removed

to a depth of one (i) in. before it has set. No pointing shall be done

until the wall is complete and mortar set, nor when frost is in the stone.

Wet the joints and fill again with mortar made of equal parts sand and

Portland cement. It must be pounded in with "set-in" or calking tool,

and finished with a beading tool the w^idth of the joint, used with a

straight-edge.

CLASSIFICATION.

*i6. Stone masonry will be classified under the following heads:

Bridge and Retaining Wall Masonry, Arch Masonry, Culvert Masonry,

and Dry Masonry.

BRIDGE AND RET.MNING WALL MASONRY.

17. Bridge and Retaining Wall Masonry shall consist of two classes:

(a) Ashlar, (either coursed or broken-coursed), and (b) Rubble.

*ASHLAR BRIDGE AND RETAINING WALL MASONRY.

*i8. (a) In Ashlar Bridge and Retaining Wall Masonry (either

coursed or broken-coursed), the stone must be large and well-pro-

portioned.

*I9. No course to be less than fourteen (14) in. nor more than

thirty (30) in. thick; the thickness of courses to diminish regularly

from bottom to top.

*See amencimcnt, pp. tl02, 603.
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Facing or
Surface
Finish.

Stretchers.

Headers.

20. The beds and joints or builds of face stones shall be fine-pointed, Dressing,

so that the mortar layer shall not exceed one-half (14) in. in thickness

when the stones are laid.

*2i. Joints in face stone must be full to the square for a depth

equal to at least one-half the height of the course, but in no case less

than twelve (12) in.

*22. The exposed surface of each face stone will be rock-faced, and

the edges pitched to true lines and exact batter ; the face to have no

projections over three (3) in. beyond the pitch lines.

23. A chisel draft one and one-half (1^/2) in. wide shall be cut

at each exterior corner.

*24. No holes for stone hooks will be permitted to show in exposed

surfaces. They must be handled with clamps, keys, lewis or dowels.

25. Stretchers shall be not less than four (4) ft. long, and to have

at least one and a quarter times as much bed as thickness of the

course.

26. Headers shall be not less than four (4) ft. in length. They

shall occupy one-fifth of the face of the wall, and no header shall have

less than eighteen (18) in. width of face, and where the course exceeds

eighteen (18) in. height, the width of face shall not be less than the

height of course. Headers shall hold the size in the heart of the wall

that they show on the face, and be so arranged that a header in a superior

course shall be placed between two headers in a course below : but no

header shall be laid over a joint, and no joint shall occur over a header.

They shall be similarly disposed in the back of the wall, interlocking with

those in the face when the thickness of the wall will admit. When

the wall is too thick to admit of such arrangement, stones of not less

than four (4) ft. in length shall be placed transversely in ihe heart

of the wall to bond the two opposite sides of it.

27. Backing shall be large, well-shaped stone, roughly bedded and Backing,

jointed; the bed joints not to exceed one (i) in., and vertical joints

generally not to exceed two (2) in. No part or portion of vertical

joints shall have a greater dimension than six (6) in., which void shall

be thoroughly filled with spalls full bedded in cement mortar or filled

with concrete. At least one-half of the backing stones shall be of the

same size and character as the face stone and with parallel beds.

See amendment, page 603.
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28. When face stone is backed with two courses, neither course

shall be less than eight (8) in. thick.

29. When the wall is three (3) ft. thick or less, the face stone shall

pass entirely through and no backing be allowed.

Backing. 30. If the Engineer so directs, the backing may be entirely of

concrete, or back laid with headers and stretchers, as specified above,

and heart of wall filled with concrete.

Bond. 31. The bond of stone on face, back and heart of wall shall not be

less than twelve (12) in. Backing shall be laid to break joints with

the face stone and with one another.

Coping. *^2. Coping will be dimension stone, holding full size throughout,

proportioned for its loading, as marked on the drawings.

*2;i. The beds, joints and top will be fine-pointed.

*34. The location of joints will be determined by the position of

the bed plates, and must be shown on the drawings.

Locks. 35. When required, in the judgment of the Engineer, coping stones,

stones in the wings of abutments, and the stones on piers shall be

secured together with iron cramps or dowels, their position bemg indicated

by the Engineer.

*RUBBLE BRIDGE AND RETAINING WALL MASONRY.

36. (b) Rubble Bridge and Retaining Wall Masonry will consist of

stones roughly squared, laid in irregular courses. The beds must be

parallel, roughly dressed, and lie horizontally in the wall. The bottom

stones shall be large selected flat stones. The wall must be compactly

laid, -having at least one-fifth the surface of the back and face headers,

so arranged as to interlock, having all the spaces in the heart of the

wall filled with suitable stones and spalls, thoroughly bedded in cement

mortar or filled with concrete. The face joints must not be more than

one (i) in. in thickness.

ARCH MASONRY.

37. Arch Masonry shall consist of the arch ring only, or that portion

between the intrados and extrados, and shall be of two classes: (a)

Ashlar Arch Masonry, and (b) Rubble Arch Masonry.

ASHLAR ARCH MASONRY.

*38. The voussoirs must be full size throughout, and must have

bond not less than thickness of the stone and dressed true to templet.

See ameudment, page 603.
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*39- The number of courses and depth of voussoirs will be shown

on the drawings.

40. The joints of the voussoirs and the intrados shall be fine-pointed.

Mortar joints shall not exceed three-eighths (5^) in.

41. The exposed surface of the ring stone shall be smooth or

rock-faced, with a marginal draft.

42. Voussoirs shall be carried up simultaneously from both bench

walls.

*43. Backing may consist of large stones shaped to fit the arch

bonded to the spandrel and laid in full beds of mortar. Concrete may

also be used for backing.

44. If waterproofing is required, a thin coat of mortar or grout

shall be applied for a finishing coat upon which shall be placed a covering

of suitable waterproofing material.

45. Centers shall not be struck until directed.

*46. Bench walls, piers, spandrels, parapets, wing walls and copings

will be built under the specifications for Ashlar Bridge and Retaining

Wall Masonry.

RUBBLE ARCH M.A,SONRV.

*47. The voussoirs must he full size throughout, and must have

bond not less than thickness of the stone.

*48. The depth of voussoirs will be shown on the drawings.

49. The beds need only be roughly dressed so as to bring them to

radial planes.

50. Mortar joints shall not exceed one (i) in.

51. The exposed surface of the ring stones shall be rock-faced,

and the edges pitched to true lines.

Voussoirs shall be carried up simultaneously from both bench

walls.

*53. Backing may consist of large stones shaped to fit the arch

bonded to the spandrel and laid in full beds of mortar. Concrete may

also be used for backing.

54. If waterproofing is required, a thin coat of mortar or grout

*See amendment, page 603.

Ashlar Arch
Masonry.

Rubble Arch
Masonry.
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shall be applied for a finishing coat upon which shall be placed a

covering of suitable waterproofing material.

55. Centers shall not be struck until directed.

*56. Bench walls, piers, spandrels, parapets and wing walls will be

built under the specifications for Rubble Bridge and Retaining Wall

Masonry.

CULVERT MASONRY.

*S7- Culvert Masonrj- must be laid in cement mortar. The character

of stone used and quality of work must be similar to that specified

for Rubble Bridge and Retaining Wall Masonry.

*58. One-half the top stones of the side walls must extend entirely

across the wall.

*59. The covering must be of sound, strong stone, at least twelve

(12) in. thick, or as shown on drawings. They must be roughly dressed

so as to make close joints with each other, and must lap their whole

width at least twelve (12) in. over the side w^lls. They must be doubled

under high embankments, as directed by the Engineer or shown on

the draw'ings.

*6o. The end walls must be covered with suitable coping.

DRY MASONRY.

*6i. Dry Masonry will include dry retaining walls and slope walls.

DRY RETAINING WALLS.

*62. Dry Retaining Walls will include all dry rubble work for

retaining embankments or similar work.

*63. Flat stone at least twice as wide as thick will be used. Beds

and joints to be roughly dressed square to each other and to face of

stone.

*64. Joints not to exceed three-quarters (^) in.

*65. The different sizes of stone must be evenly distributed over

the whole face of wall, generally keeping the largest stone in the lower

part of wall.

*See amendment, pp. 603, 604.
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*The work shall be well bonded and present a reasonably true

and smooth surface, free from holes or projections. This wall is double-

faced and self-sustaining.

SLOPE WALLS.

*67. Slope walls shall be built of such thickness and slope as may Slope
Walls,

be required by the Engineer. No stones which do not reach through

the wall shall be used in their construction. Stones shall be placed ai

right angles to the slopes. This wall is single faced and built with

steep slope simultaneously with the embankment which it is to protect.

^See amendment, page 604.
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CO-OPERATION WITH THE JOINT COMMITTEE ON CON-

CRETE AND REINFORCED CONCRETE.

The information given below is abstracted from the minutes and

reports made to the Joint Committee.

Owing to the importance and magnitude of the work of the Joint

Committee, it was found necessary to first develop the organization, in

order that the investigations might be carried on to the best advantage,

and that the final conclusions be perfectly reliable.

During the past year, the Joint Committee held five meetings, as

follows: January 17, New York; June 21, Cleveland; June 30, Atlantic

City; October 11, New York; December 14, New York.

At the October (1905) meeting the Committee on Ways and Means

submitted a report showing that the amount of $1,049 had been expended

during the year for material, labor, transportation, etc.

The following resolution was unanimously adopted

:

"That it is the sense of the meeting that the Committee on Ways
and Means be instructed to raise five thousand dollars to defray the

expenses of the Joint Committee for the year ending September 30,

1906."

On December 14, 1905, the Committee on Tests presented a report,

of which the following is an abstract

:

The Joint Committee was appointed primarily for the purpose of

providing, through the various Societies represented, definite informa-

tion concerning the properties of concrete and reinforced concrete, and

to recommend factors and formulas required in the design of structures

in which this material is used. While the Joint Committee has thus

far accomplished little toward formulating a report, it has nevertheless

acquired a definite knowledge of the work such a report demands.

The tests made prior to the appointment of the Committee were

scattered and somewhat fragmentary, and while yielding information

of considerable value, the limited scope of the work, lack of uniformity

of conditions and methods, and failure to properly report details con-

cerning tests or to complete the investigations, render the results insuffi-

cient for the formulation of a report. The Committee, therefore, de-

cided that it was desirable to conduct tests along certain lines. Until

recently the only channel open to the Committee for conducting such
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investigations were the laboratories of the technological institutions and

perhaps a few others.

At the meeting of the Joint Committee, held during the International

Engineering Congress at the World's Fair, St. Louis, in October, 1904,

the Committee on Tests was instructed to inaugurate investigations at

such technological institutions and other laboratories possessing the

requisite facilities and which would undertake the work. Accordingly,

during the last school year, tests were made under this Committee's

direction in the laboratories of some twelve engineering schools. The
results have been reported to the Committee on Tests, and the com-

pilation is nearly ready for presentation to the Joint Committee. The
plan adopted by the Joint Committee involved direction and inspection

of this work by the Committee on Tests. This the Committee was

unable to do, through lack of funds with which to pay the expenses

of inspectors and other assistants.

The following is a suggested program of the investigations to be

made by the Joint Committee from which a schedule is to be prepared

as the tests progress

:

PROPOSED PROGRAM FOR THE INVESTIGATION OF CONCRETE AND REINFORCED

CONCRETE.

(i) Examination of Constituent Materials: Sands, gravels,

stone, stone screenings, slags, cinders, etc., to be collected by a special

representative of the Testing Laboratory sent out for that purpose.

(a) Examination of Deposit as to the extent and nature of

the material from which the samples are collected.

(b) Physical Tests in the Laboratory:

(1) Mineralogical examination.

(2) Specific gravity.

(3) Weight per cubic foot.

(4) Sifting (Granularmetric composition).

(5) Percentage of silt and character of same.

(6) Percentage of voids.

(7) Character of stone as to percentage of absorption, porosity,

permeability, compressive strength and behavior under

treatment.

(c) Chemical Analysis as to the character of the stone, silt, etc.,

used in tests.

(2) Tests of Mortars made with a Typical Portland Cement and

sand, gravel and stone screenings. The Typical Portland Cement to be

prepared by thoroughly mixing a number of brands, each of which

must meet certain requirements

:

The wide area over which the technical schools are scattered ren-

ders the expense of providing uniform materials and of inspecting the

preparation of the test pieces and the execution of tests very great.

Besides, the work cannot generally be carried on uniformly throughout
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tile year, but must be concentrated into a few montlis. This is a serious

difficulty in any series of tests.

However, in the progress of these investigations, there will neces-

sarily be considerable experimental work in opening up certain phases

of a problem, as, for example, the study of proper methods to be

followed, the sources of error to be guarded against, the probable cause

of a given phenomenon, that would be of material help in planning the

work, or in corroborating the results of other tests ; and it would seem

wise to secure the co-operation of the technical schools, utilizing their

facilities to the extent indicated in carrying on investigations.

The entire Joint Committee has been divided into a number of sub-

committees for the purposes of collating existing literature and the

results of previous investigations. These results, when compiled, will

serve, with the recommendation of each Committee, as a guide in formu-

lating the future work of the Joint Committee. The results of the

compilations of the various sub-committees shall be turned over to the

Committee on Tests for their consideration and to be reported by

them to the Joint Committee. If it is found that there is a reasonable

concordance in certain lines it would seem undesirable for the Committee

on Tests to plan more than a few confirmatory experiments. In those

lines where there is no agreement the Committee work must necessarily

be more extensive in order to be conclusive.

ORG.\NIZATI0N.

At the meeting of January 17, an outline of organization was read

and adopted as by-laws governing the Committee.

On June 21, these rules of organization were slightly changed and

on October 11 amended rules were adopted making several important

changes. The rules of organization, as they now stand, are as follows

:

RULES OF 0RG.\NIZATI0N.

Members.—The membership of the Joint Committee shall consist of

the members of the Special Committee on Concrete and Reinforced

Concrete appointed by the American Society of Civil Engineers, and

the members of the similar Committees appointed by the American

Society for Testing Materials, the American Railway Engineering and

Maintenance of Way Association, and the Association of American Port-

land Cement Manufacturers.

The membership may be enlarged by vote of a majority of the

voting members, authorizing the addition to the Committee of repre-

sentatives of any other technical organization engaged in similar lines

of investigation.

Applications for such memberships will not be received from indi-

viduals, but only from the proper officers of the organizations desiring

representation.
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Officers and Their ELECXiON.^The officers shall be a Chairman, a

Vice-Chairman, and a Secretary.

The Chairman shall be the Chairman of the Special Committee of

the American Society of Civil Engineers.

The Vice-Chairman shall be appointed by the Chairman.

The Secretary shall be elected by the Joint Committee, but must be

a member of the Special Committee of the American Society of Civil

Engineers.

The Secretary shall receive a salary to be fixed by the Joint Com-
mittee.

Duties of Officers.— It shall be the duty of the Chairman to call

and preside at all meetings of the Joint Committee, and he shall be

ex-officio a member of all Committees. He shall sign all orders on the

Chairman of the Committee on Ways and Means for the payment of

money. He shall have the power to fill all vacancies occurring in any

sub-committee and to appoint such other sub-committees as may be

necessary to carry out the object of the Special Committee on Concrete

and Reinforced Concrete.

The Vice-Chairman shall, in the event of disability or absence of

the Chairman, perform all duties of the Chairman.

It shall be the duty of the Secretary to give all notices of meetings

of the Joint Committee, and to attend all meetings of the same. He
shall keep a record of all proceedings of such meetings, and shall

transmit to all members a copy of the minutes of each meeting of the

Committee. He shall prepare and keep a correct list of sub-committees,

and have custody of the rules, books of records, and all other documents

belonging to the Joint Committee and copies of all minutes of all its

sub-committees. He shall draw and attest all orders on the Committee

on Ways and Means, and perform such other duties as usually pertain

to the office of Secretary, or as the Joint Committee or its Chairman

may require.

Sub-Committees.—There shall be two sub-committees as follows,

each consisting of six members appointed by the Chair : Committee on

Ways and Means ; Committee on Tests.

In appointing any of the above Committees, three members shall

be selected from the Special Committee of the American Society of

Civil Engineers and one from each of the committees appointed by the

other Associations represented on the Joint Committee.

The duties of these Committees shall be as follows

:

The Committee on Ways and Means shall be charged with the duty

of collecting funds to carry on this work, and shall, through their Chair-

man, have custody of such funds subject to the order of the Chairman

of the Joint Committee, attested by the Secretary. The Chairman shall

give a proper bond and shall have annual certified audits of all accounts.

The Committee on Tests shall be charged with the general conduct

of the tests, collation and discussion of the results of tests, and the

apportioning of the work of testing among different laboratories, and
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shall, subject to the approval of the Chairman, appoint inspectors to

oversee tests made for this Committee.

STANDING COMMITTEES.

By the new rules, two Standing Committees are provided as follows

:

Committee on Ways and Means : R. W. Lesley, Chairman
; J. E.

Greiner,* Olaf Hofif, A. L. Johnson, A. O. Cunningham,* Edward M'.

Hagar.

Committee on Tests : Richard L. Humphrey. Chairman ; A. N.

Talbot, W. K. Hatt,* Olaf Hofif, George F. Swain,* Spencer B. Newberry.

SPECIAL COMMITTEES.

At the meeting of October ii, the ten special committees to collate

existing literature and results of previous investigations, referred to

above, were appointed, as follows

:

HISTORICAL.

J. R. Worcester,* Chairman. F. E. Turneaure.*

R. W. Lesley. R. E. Grififiths.

George F. Swain.*

(a) Study of Aggregates, Proportions and Mixing.

Olaf Hofif, Chairman. Sanford E. Thompson.

William B. Fuller. George S. Webster.

W. P. Taylor. Frank Beckwith.*

(b) Physical Characteristics, Waterproofing, Etc.

A. O. Cunningham,* Chairman. Samuel Tobias Wagner.

E. Lee Heidenreich. C. W. Boynton.*

Sanford E. Thompson.

(c) Strength and Elastic Properties.

J. E. Greiner,* Chairman. George S. Webster.

Charles M. Mills.* Gilbert H. Scribner, Jr.*

W. P. Taylor.

BEAMS.

(a) Simple Beams.

F. E. Turneaure,* Chairman. J. R. Worcester.*

J. E. Greiner.* A. O. Cunningham.*

C. C. Schneider.*

(b) Tee Beams, Floor Slabs, Etc.

Samuel Tobias Wagner, Chairman. Gactano Lanza.

J. W. Schaub.* Frank Beckwith.*

E. Lee Heidenreich.

•Members of Am. Ry. Eng. and M. W. .\ssn.
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Gaetano Lanza, Chairman. Leon S. MoisseiflF.

William B. Fuller. Henry H. Quimby.

Edgar Marburg.

FAILURES OF CONCRETE STRUCTURES.

Emil Swensson, Chairman. Gilbert H. Scribner, Jr.'

J. W. Schaub.* George F. Swain.*

A. L. Johnson.

FIRE RESISTING QUALITIES.

C. W. Boyton,* Chairman. Norman D. Fraser.

C. C. Schneider.* Edward M. Hagar.

A. L. Johnson.

Henry H. Quimby, Chairman. CItarles M. Mills.*

Emil Swensson. Leon S. Moisseiff.

Edgar Marburg.

COOPERATION WITH THE UNITED STATES GEOLOGICAL SURVEY.

The cooperation of the United States Geological Survey with the

Joint Committee on Concrete and Reinforced Concrete was under con-

sideration for some time prior to its presentation to the Joint Committee.

Towards the close of the World's Fair at St. Louis, efforts were

commenced to secure from Congress an appropriation to continue the

work which had been inaugurated by the Association of American

Portland Cement Manufacturers. The matter was taken up in Congress

towards the close of 1904 and the appropriation was acted upon in

March, 1905.

It is believed that the present Congress will make a larger appro-

priation for the continuance of the work than was made last year, and

should Congress fail to make an appropriation, arrangements are now

under way for raising the requisite funds for keeping the work going.

At the meeting of the Joint Committee in Cleveland, on June 21,

1905, it was decided to cooperate with the Geological Survey, and the

Committee's representatives on the Government Advisory Board were

requested to advise as to the plan for this cooperation.

At the meeting of the Committee held at Atlantic City, on June 30,

1905, the following plan of cooperation was adopted

:

•Members of Am. Ry. Eng. and M. W. .A.ssn.

3S
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I'ROPOSED BASIS OF COOPERATION BETWEEN THE UNITEB STATES GEOLOGICAL

SURVEY AND THE JOINT COMMITTEE ON CONCRETE AND REINFORCED

CONCRETE.

(i) The Geological Survey to cooperate with the Committee in

securing and distributing supplies or materials to be used in this work

at the laboratories with which from time to time it may be found

feasible to cooperate.

(2) The Geological Survey to cooperate with the Committee in

providing for the labor and forms necessary in making these investigations

effective at these laboratories.

(3) The Geological Survey will send an expert who will visit

each of these laboratories from time to time during the year, with a

view to unifying the methods and collating the results of such inves-

tigations at each of these laboratories ; and who will report to the

members of this Joint Committee from time to time what investigations

are being conducted at different laboratories under this arrangement;

and also provide for the collation and publication of previous data in

cooperation with the Joifit Committee on Concrete and Reinforced

Concrete.

(4) The results of these investigations at such laboratories, subject

to the approval of the Advisory Board, will be published promptly, from

time to time, by the Geological Survey, in such manner as to give full

credit to the proper person and laboratory ; and the results may also

be published simultaneously by the institution with which this laboratory

is associated.

(5) The Geological Survey will obtain from the secretaries the

mailing lists of the Societies represented in the Joint Committee on

Concrete and Reinforced Concrete and mail all bulletins issued under

the direction of the Geological Survey to their members.

By this plan the program of the Committee on Tests is to

be carried out in the Government laboratories. These laboratories

known as the "Structural Materials Testing Laboratories," have been

organized and are under the direction and supervision of the present

Chairman of the Committee on Tests. It was also decided to conduct

investigations at such institutions as the Committee on Tests might elect,

under the direction of the Committee and the inspection of the reprt-

sentative of the Government laboratories. Accordingly arrangements have

been made for carrying on tests at the Universities of Illinois, Purdue

and Wisconsin and possibly Columbia. These tests consist of determina-

tions of the effect at different ages of varying percentages of round,

square and flat bars of steel of different elastic limit, using the same

concrete; of the bond under similar conditions; of the properties of

tee-beams ; of the effect of loading beams centrally, and at 2, 4 and 8

points; of the shearing strength of concrete; of the tensile strength

and modulus of elasticity of concrete in tension in length of 12 feet

;
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of the effect of different methods of reinforcing a beam for diagonal

tension.

THE ADVISORY BOARD.

An Advisory Board on Fuels and Structural Materials was created

by invitation of the Secretary of the Interior, because it was thought

the work could be best carried on judiciously under the advice of a

number of qualified and interested engineers. The various organizations

and railroads invited have appointed representatives, and the final appoint-

ment of these representatives will probably be made by the President

of the United States before this report appears. This Advisory Board

passes on the program to be followed in the investigations, and as the

Joint Committee is largely represented on this Board, there will, of

course, be no difificulty in carrying out a program which is deemed

advisable by the Joint Committee.
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DEFINITIONS OF MASONRY TERMS APPLIED TO RAILROAD
CONSTRUCTION.

Masonry.—All constrtictions of stone or kindred substitute materials in

which the separate pieces are either placed together, with or without

cementing material to join them, or where not separately placed, are

encased in a matrix of firmly cementing material.

CLASSIFICATION OF MASONRY.

KIND.
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Masonry, Culvert.—Flat-top masonrj' structure of stone or concrete,

designed to sustain the fill above and to permit of the free passage

of water.

Masonry, Dry.—Masonry in which stones are built up without the use

of mortar.

CONCRETE.

Concrete.—A compact mass of broken stone, gravel or other suitable

material assembled together with cement mortar and allowed to

harden.

Reinforced Concrete.—Concrete which has been reinforced by means

of metal in some form, so as to develop the compressive strength

of the concrete.

Rubble Concrete.—Concrete in which rubblestone are imbedded.

BRICK.

Brick.—No. i.—Hard burned brick, absorption not to exceed 2 per cent,

by weight.

CEMENT.

Cement.—A preparation of calcined clay and limestone, or their equiva-

lents, possessing the property of hardening into a solid mass when

moistened with water. Cements are divided into four classes : Port-

land, Natural, Puzzolan and Silica cement. (See each.)

Portland Cement.—This term is applied to the finely pulverized product

resulting from the calcination to incipient fusion of an intimate

mixture of properly proportioned argillaceous and calcareous ma-

terials, and to which no addition greater than 3 per cent, has been

made subsequent to calcination.

Natural Cement.—This term shall be applied to the finely pulverized

product resulting from the calcination of an argillaceous limestdne

at a temperature only sufficient to drive off the carbonic acid gas.

Puzzolan.—An intimate mixture of pulverized granulated furnace slag

and slaked lime, which, without further calcination, possesses hy-

draulic properties.

COURSED AND BOND.

Coursed.—Laid with continuous bed joints.

Broken Coursed.—Laid with parallel, but not continuous, bed joints.

Uncoursed.—Laid without regard to courses.
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English Bond.—That disposition of bricks in a structure in which

each course is composed entirely of headers or of stretchers.

Flemish Bond.—That disposition of bricks in a structure in which

the headers and stretchers alternate in each course, the header

being so placed that the outer end lies on the middle of a stretcher

in the course below.

DRESSING.

Dressing.—The finish given to the surface of stones or to concrete.

Smooth.—Having surface, the variations of which do not exceed one-

sixteenth-inch from the pitch line.

Fine Pointed.—Having irregular surface, the variations of which do not

exceed one-quarter inch from the pitch line.

Rough Pointed.—Having irregular surface, the variations of which do

not exceed one-half inch from the pitch line.

ScABBLED.—Having irregular surface, the variations of which do not

exceed three-quarters inch from the pitch line.

Rock-Faced.—Presenting irregular projecting face, without indications

of tool mark.

DESCRIPTIVE WORDS.

Abutment.—A supporting wall carrying the end of a bridge or span

and sustaining the pressure of the abutting earth. The abutment

of an arch is commonly called a bench wall.

Arris.—The external edge formed by two surfaces, whether plain or

curved, meeting each other.

Ashlar.—A squared or cut block of stone with rectangular dimensions.

Backing.—That portion of a masonry wall or structure built in the rear

of the face. It must be attached to the face and bonded with it. It

is usually of a cheaper grade of work than the face.

Batter.—The slope or inclination of the face or back of a wall from

a vertical line.

Bed.—The top and bottom of a stone. (See Course Bed; Natural Bed;

Foundation Bed.)

Bed Joint.—A horizontal joint, or one perpendicular to the line of pres-

sure.

Bench Wall.—The abutment from which an arch springs.

Bond.—The mechanical disposition of stone, brick or other building

blocks by over-lapping to break joints.

Build.—A vertical joint.

Centering.—A temporary support used in arch construction. (Also

called Centers.)
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Clamp.—An instrument for lifting stone so designed that its grip on

the surface of the stone is increased as the load is applied. That

portion engaging the stone is of wood attached to a steel shoe, which

in turn is hinged to the shank of the clamp in .=uch a manner as

to adjust itself to the surface of the body lifted.

Coping.—A top course of stone or concrete, generally slightly pro-

jecting, to shelter the masonry from the weather, or to distribute

the pressure from exterior loading.

Course.—Each separate layer in stone, concrete or brick masonry.

Course Bed.—Stone, brick or other building material in position, upon

which other material is to be laid.

Cramps.—Bars of iron having the ends turned at right angles to Ihe

body of the bar, which enter holes in the upper side of adjacent

stones.

Culvert.—A small covered passage for water under a roadway or em-

bankment.

Dimension Stone.— (i) A block of stone cut to specified dimensions.

Dimension Stone.— (2) Large blocks of stone quarried to be cut to

specified dimensions.

Dowels.— (a) Straight bars of iron which enter a hole in the upper

side of one stone and also a hole in the lower side of the stone

next above.

Dowel.— (b) A two-piece steel instrument used in lifting stone. The

dowel engages the stone by means of two holes drilled into the

stone at an angle of about 45 degrees pointing toward each other.

The dowel is not keyed in place.

Draft.—A line on the surface of a stone cut to the breadth of the chisel.

Expansion Joint.—A vertical joint or space to allow for temperature

changes.

ExTRADOS.—The upper or convex surface of an arch.

Face.-—The exposed surface in elevation.

Facing.—In concrete: (i) A rich mortar placed on the exposed surfaces

to make a smooth finish.

(2) Shovel facing by working the mortar of concrete to the face.

Final Set.—A stage of the process of setting marked by certain hard-

ness. (See Cement Specifications.)

Flush.— (Adj.) Having the surface even or level with an adjacent

surface.

(Verb.) (i) To fill. (2) 1"o bring to a level. (3) To force

water to the surface of mortar or concrete by compacting or ramming.
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Footing.—A projecting bottom course.

Forms.—Temporary structures for giving concrete a desired shape.

Foundation.— (i) That portion of a structure, usually below the surface

of the ground, which distributes the pressure upon its support.

(2) Also applied to the natural support itself; rock, clay, etc.

Foundation Bed.—The surface on which a structure rests.

Grout.—A thin mortar either poured or applied with a brush.

Header.—A stone which has its greatest length at right angles to the

face of the wall, and which bonds the face stones to the backing.

Initial Set.—An early stage of the process of setting, marked by certain

hardness. (See Cement Specifications.)

Intrados.—The inner or narrow concave surface of an arch.

Joint.—The narrow space between adjacent stones, bricks or other build-

ing blocks, usually filled with mortar.

Lagging.—Strips used to carry and distribute the weight of an arch to

the ribs or centering during its construction.

Lewis.—A four-piece steel instrument used in lifting stone. (The lewis

engages the stone by means of a triangular shaped hole into which

it is kej'ed.)

Lock.—Any special device or method of construction used to secure a

bond in the work.

Mortar.—A mixture oi sand, cement or lime, and water, used to cement

the various stones or brick in masonry, or to cover the surface of

same.

Natural Bed.—The surfaces of a stone parallel to its stratification.

Parapet.—A wall or barrier on the edge of an elevated structure for

protection or ornament.

Paving.—Regularly placed stone or brick forming a floor.

Pier.—An intermediate support for arches or other spans.

Pitch.— (Verb) To square a stone.

Pitched.—Having the arris clearly defined by a line beyond which the

rock is cut away by the pitching chisel so as to make approximately

true edges.

Pointing.—Filling joints or defects in the face of a masonry structure.

Retaining Wall.—A wall for sustaining the pressure of earth or filling

deposited behind it.

Ring Stones.—The end voussoirs of an arch.

Riprap.—Rough stone of various sizes placed comptictly or irregularly to

prevent scour by water.

Rubble.—Field stone or rough stone as it comes from the quarry. When
it is of large or massive size it is termed block rubble.
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RuBBEU.—A fine finish made b}' rubbing with grit or sandstone.

Set.— (Noun) The change from a plastic to a soHd or hard state.

Slope Wall.—A wall to protect the slope of an embankment or cut.

.Soffit.—The under side of a projection.

Si'.ALL.— (Noun) A chip or small piece of stone broken from a large

block.

Spandrel Wall.—The wall at the end of an arch above the springing

line and extrados of the arch and below the coping or the string

course.

Stretcher.—A stone which has its greatest length parallel to the face of

the wall.

VoussoiRS.—The individual stones forming an arch. They are aiwaj's

of a truncated wedge form.

Wing Wall.—An extension of an abutment wall to retain the adjacent

earth.

CONCLUSIONS.

Your Committee arrives at the following conclusions, and recom-

mends their adoption

:

(i) That the Specifications for Stone Masonry be adopted as being

good practice.

(2) That the Definitions of Masonry terms and Classification of

Masonry be approved.

Respcctfull}' submitted,

E. C. Brown, Engineer Maintenance of Way, Union Railroad. Port

Perry, Pa., Chairman.

John Dean, Civil Engineer, Chicago, 111., Vicc-Chairman.

Frank Beckwith, General Supt., Indiana Harbor Railroad, Chicago.

C. W. Boynton, Chief Inspector, Cement Dept. 111. Steel Co., Chicago.

A. O. Cunningham, Chief Engineer, Wabash Railroad, St. Louis, Mo.

W. B. Hanlon, Civil and Mining Engineer, Cleveland, O.

W. K. Hatt, Professor of Applied Afechanics, Purdue University, Lafay-

ette, Ind.

C. H. Moore, Engineer of Grade Crossings, Erie R. R., New York. N. Y.

H. W. Parkhurst, Consulting Engineer, Chicago, 111.

J. W. Schaub, Consulting Engineer, Chicago, 111.

G. H. ScRiiiNER, Jr., Contracting Engineer, Chicago, 111.

G. F. Swain, Professor of C. E., Mass. Institute of Technology. Boston.

Job Tuthill, Eng. B. & B., Pere Marquette R. R., Detroit, Mich.

E. P. Weatherlv, Resident Engineer, Chicago, Burlington & Quincy

Railroad, St. Joseph, Mo. Committee.
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AMENDMENTS.

2. Dressing shall be the best of the kind specified for each clas.s

of work.

3. Beds and joints or builds shall be square with each other, and

dressed true and out of wind. Hollow beds will not be allowed.

4. All stone shall be dressed for laying on natural beds.

5. Margin drafts shall be neat and accurate.

6. Pitching shall be done to true lines and exact batter.

7. The sand and cement shall be mixed dry and in small batches

in proportions as directed, on a suitable platform, which must be kept

clean and free from all foreign matter ; then water is to be added, and

the whole remixed until the mass of mortar is thoroughly homogeneous,

and leaves the hoe clean when drawn from it. It shall not be retem-

pered after it has begun to set. Mechanical mixing to produce the

same result may b'e permitted.

8. All stones shall be laid on natural beds. Each .stone shall be

settled -into place in full bed of mortar.

9. No stone shall be dropped or slid over the wall, but shall be

placed without jarring the stones already laid.

10. No heavy hammering shall be allowed on the wall after a

course is laid.

11. If a stone becomes loose after the mortar is set, it shall be

relaid with fresh mortar.

12. Each stone shall be cleansed and dampened before laying.

13. Stones shall not be laid in freezing weather unless allowed

by the engineer. If allowed, they shall be free from ice, snow or frost

by warming, and laid in mortar made of heated sand and water, or,

with proper precautions, mixed with brine in proportions of one pound

of salt to 18 gallons of water, when the temperature is 32 degrees

Fahrenheit. Add one ounce of salt for every degree of temperature

below 32 degrees Fahrenheit.

14. Stones shall be laid to exact lines and levels so as to give

the required bond and thickness of mortar in beds and joints.

15. Mortar in beds and joints of exposed faces shall be removed

to a depth of not less than one (i) in. before it has set. No pointing

shall be dont until the wall is complete and mortar set, nor when frost

is in the stone. Wet the joints and fill again with mortar made of

equal parts sand and Portland cement. It shall be pounded in with

"set-in" or calking tool, and finished with a beading tool the width of

the joint, used with a straight-edge.

16. Stone masonry shall be classified under the following heads

:

Bridge and Retaining Wall Masonry, Arch Masonry, Culvert Masonry,

and Dry Masonry.
"~
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ASHLAR MASONRY IN BRIDGES AND RETAINING WALLS.

18. (a) In Ashlar Masonry in Bridges or Retaining Walls (either

coursed or broken coursed), the stone shall be large and well-propor-

tioned.

19. No course shall be less than fourteen (14) in. nor more than

thirty (30) in. thick; the thickness of courses to diminish regularly from

bottom to top.

21. Joints in face stone shall be full to the square for a depth

equal to at least one-half the height of the course, but in no case less

than twelve (12) in.

22. The exposed surface of each face stone shall be rock-faced, and

the edges pitched to true lines and exact batter ; the face to have no

projections over three (3) in. beyond the pitch lines.

24. No holes for stone hooks shall be permitted to show in exposed

surfaces. They must be handled with clamps, keys, lewis or dowels.

32. Coping shall be dimension stone, holding full size throughout,

proportioned for its loading, as marked on the drawings.

33. The beds, joints and top shall be fine-pointed.

34. The location of joints shall be determined by the position of

the bed plates, and must be shown on the drawings.

36. Change heading to read : "Rubble Masonry in Bridges and

Retaining Walls."

38. The voussoirs shall be of full size throughout, and must have

bond not less than thickness of the stone and dressed true to templet.

39. The number of courses and depth of voussoirs shall be shown
on the drawings.

43. Backing shall consist of large stones shaped to fit the arch

bonded to the spandrel and laid in full beds of mortar. Concrete may
also be used for backing.

46. Bench walls, piers, spandrels, parapets, wing walls and copings

shall be built under the specifications for Ashlar Masonry in Bridges and

Retaining Walls.

47. The voussoirs shall be full size throughout, and must have

bond not less than thickness of stone.

48. The depth of voussoirs shall be shown on drawings.

53. Backing shall consist of large stones shaped to fit the arch

bonded to the spandrel and laid in full beds of mortar. Concrete may
also be used for backing.

55. Bench walls, piers, spandrels, parapets and wing walls shall be

built under the specifications for Rubble Masonry in Bridges and Re-

taining Walls.

57. Culvert Masonry shall be laid in cement mortar. The character

of stone used and quality of work shall be similar to that specified for

Rubble Masonry in Bridges and Retaining Walls.

58. One-half the top stones of the side walls shall extend entirely

across the wall.

59. The covering must be of sound, strong stone at least twelve
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(12) in. thick, or as shown on drawings. They shall be roughly dressed

so as to make close joints with each other, and must lap their whole

width at least twelve (12) in. over the side walls. They shall be

doubled under high embankments, as directed by the engineer or shown

on drawings.

60. The end walls shall be covered with suitable coping.

61. Dry Masonry shall include dry retaining walls and slope walls.

62. Dry retaining walls shall include all dry rubble work for

retaining embankments or similar work.

63. Flat stone at least twice as wide as thick will be used. Beds

and joints to be roughly dressed square to each other and to face of

stone.

64. Joints not to exceed three-quarters (^) in.

65. The different sizes of stone shall be evenly distributed over

the whole face of wall, generally keeping the largest stone in the lower

part of wall.

66. The work shall be well bonded and present a reasonably true

and smooth surface, free from holes or projections. This wall is double-

faced and self-sustaining.

67. Slope walls shall be built of such thickness and slope as may
be required by the engineer. No stones which do not reach through the

wall shall be used in their construction. Stones shall be placed at

right angles to the slopes. This wall is single faced and built with steep

slope simultaneously with the embankment wliich it is to protect.



DISCUSSION.

The President :—Before discussing the report of the Committee on

Masonry, the chair desires to announce, as outlined in the opening

address on Tuesday, that, on invitation of President Roosevelt, the

American Railway Engineering and Maintenance of Way Association

is officially represented by three of its members on the National Advisory

Board on Fuels and Structural Materials. During the past year and at

the present time investigations of these subjects are being conducted

under the direction of the United States Geological Survey at St. Louis.

You are also aware that your Committee on Masonry has a sub-com-

mittee on concrete and reinforced concrete, which, jointly with similar

committees of the American Society of Civil Engineers, the American

Society for Testing Materials and the Association of American Portland

Cement Manufacturers, is co-operating with the Geological Survey in

these investigations, especially in regard to concrete and reinforced

concrete, and is depending largely, if not entirely, on the results of these

investigations, which will enable it to formulate a report.

The Congress of the United States has now under consideration an

appropriation of $350,000 for the continuance of this work, and of this

amount $100,000 is to be devoted to structural materials, that is, cement,

mortars and concrete. The appropriation will form an item in the

sundry civil appropriation bill, which will be reported to the House of

Representatives about the latter part of the coming month.

Your sub-committee on Masonry is deeply concerned in the passage

of this appropriation ; indeed, its whole future work is dependent upon

securing this appropriation. It is very desirable, therefore, that every

member of this Association communicate with the members of Congress

from his district and urge upon them the importance of this appro-

priation.

The chairman of the Committee on Masonry desires to make a

statement relative to the separation of the sub-committee on concrete

and reinforced concrete from the main Committee on Masonry, the

Committee on Masonry to continue with the general subjects of

masonry, and a special committee of three or more, as may be decided,

to take up the question of reinforced concrete.

Mr. E. C. Brown (Union Railroad) :—This Committee is on the

general subject of masonry. It has been suggested that possibly there

might be some conflict between the work of the sub-committee of the

special committee on reinforced concrete and the standing committee.

This, however, I think, can be adjusted, and it is the unanimous recom-

mendation of this Committee that such action be taken by our Board

of Direction. The general subject of concrete and reinforced concrete

is broad and particularly interesting, and being followed up by com-

605



d06 MASONRY.

mittees of the associations which together form the joint committee;

therefore it seems a very proper time for this work to be turned over

to a special committee rather than to continue as a part of the function

of this Committee through its sub-committee.

The work of the Masonry Committee during this year has been

confined principally to the formulation of a specification for stone

masonry, and some little investigation along three separate lines laid

out by the Board of Direction at the beginning of the year. Our report

deals with these matters on pages 71 and 72, except the specifications

for stone masonry, and you will observe that nothing in the shape of a

formal report on any of the three items is ready for presentation. If it

is the pleasure of the convention, we would like to invite your attention

at once to the specifications for stone masonry, and in connection with

that the modified classification on page 87. The predecessor of this

classification was adopted, or at least accepted favorably, by the Associa-

tion three years ago. In the formation of these new specifications for

stone masonry we found it was necessary to simplify and at the same

time amplify to a certain extent that classification. As was suggested

a little while ago by the chairman of another committee, we hope no

hasty action will be taken by the convention in reversing entirely the

recommendations of the Committee, and we invite discussion of the

subject. I think that the two parts of the report which I call particular

attention to, that is, the specifications for stone masonry and the classifi-

cation of masonry, will have to be borne in mind at the same time

during the discussion.

The President:—The Secretary will read the various items under

the heading "Specifications for Stone Masonry."

The Secretary:

—

"Specifications for Stone Masonry.—General.—
Stone, (i) Stone masonry shall be built of the kinds specially desig-

nated, with such arrangements of courses and bond as shown on the

drawings or as directed. The stone shall be hard and durable, free

from seams or other imperfections, of approved quality and shape, and

in no case have less bed than rise, and shall be laid on their broadest

beds, well bonded and solidly bedded. When liable to be afifected by

freezing, no unseasoned stone shall be laid.

"Dressing. (2) Dressing mu.st be the best of the kind specified for

each class of work.

"(3) Beds and joints or builds must be square with each other, ^nd

dressed true and out of wind. Hollow beds will not be allowed.

"(4) All stone must be dressed for laying on natural beds.

"(5) Margin drafts must be neat and accurate.

"(6) Pitching must be done to true lines and exact batter.

"Mortar. (7) The sand and cement should be mixed dry and in

small batches in proportions as directed, on a suitable platform, which

must be kept clean and free from all foreign matter; then water is to be

added and the whole remixed until the mass of mortar is thoroughly
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homogeneous, and leaves the hoe clean when drawn from it. It must not

be retempered after it has begun to set."

I\Ir. C. F. Loweth (Chicago, :\Iihyaukee & St. Paul) :—In the first

paragraph I notice it says, "stone masonry shall be," and in the second

paragraph it says "dressing nmst be," and later on in paragraph 7 it

saj'S "should be." In some of the succeeding paragraphs it reads "may
be" or "will be." I think in our specifications heretofore we have used

the words "shall be," and I suggest that when the specifications are

finally printed that the words "shall be" be substituted for "may be" or

"could be," or any other similar expression.

The President :—The Committee accepts the change.

Mr. Loweth :—Paragraph 7 as read would not permit the use of

mixing mortar in a concrete mixer or other mechanical mixer. I

think it is economical to use a mechanical mixer of small size on small

jobs of masonry.

Mr. Brown:—You object to the reference to the hoe?

Mr. Loweth:—I object to the requirement that it shall be mixed

on a suitable platform. I would suggest a change like this : "The sand

and cement shall be thoroughly mixed," and omit everything else until

we come to the words, "until the mass of mortar is thoroughly homo-

geneous," etc.

Mr. A. S. Baldwin (Illinois Central):—There are some valuable

points in that paragraph. I move that it be made to begin with the

words, "The sand and cement, unless mixed mechanically, should be

mixed dry," and the rest of it is good to apply to the ordinary methods

of mixing.

Mr. A. L. Buck (Canadian Pacilic ) :—I would like to ask if the

gentleman has made mortar in a mixer that was suitable for use in

laying first-class masonry.

Mr. Loweth :—Yes, sir.

Mr. C. H. Fake (Mississippi River & Bonne Terre) :—The last para-

graph is not quite clear, whether that means that mortar may be used

even if it is retempered.

Mr. Robert Moore :—I suggest that the same result might be secured

by adding the sentence, "Mechanical mixing, to produce the same result,

may be permitted."

The President :—The Committee accepts that suggestion.

The Secretary:
—

"Laying. (8) All stones must be laid on natural

beds. Each stone must be settled into place in full bed of mortar."

Mr. L. C. Fritch (Illinois Central) :—I w-ould ask the Committee

if they are always able to tell what is the natural bed of the stone.

Take, for instance, the oolitic limestone.

Mr. Brown :—No ; I presume, strictly speaking, it is not possible, at

least for the ordinary stone layer. If, however, the question is so

difficult of decision, it is to be supposed that there would not be so

much difiference as to whether it was laid on a natural bed or otherwise.
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I am under tlic impression that this restriction is all right, for it

certainly appears in all stone masonry specifications that we have

examined, and I think that there js no objection to leaving it in there

from my point of view.

Mr. L. C. Fritcli :—The only point is that with the oolitic limestone,

or Bedford stone, it often raises a question, and sometimes the stone is

rejected because the engineer claims it is not laid on its natural bed,

when in fact he cannot tell anything about it. Stone is often rejected

by the engineer claiming it is not being laid on its natural bed when

really it does not make any difference in Bedford limestone whether you

lay it on the natural bed or not.

Mr. John Dean (Civil Engineer) :—If it is laid with the seam as

its natural bed, then the weather will not get into it. In other words,

it will not flake off, as it would if laid edgewise.

Mr. L. C. Fritch :—That does not take place in a homogeneous

stone like oolitic limestone.

Mr. Dean :—Where the thing comes down so fine as that the matter

should be left with the engineer.

Mr. L. C. Fritch :—The point I am trying to make is that in the

homogeneous stone it often has the effect of throwing out a stone that

is perfectly good and placing an undue burden on the contractor, when

it is unreasonable, and it occurs to me that there might be something

interjected here to show that all stone except unstratified stone must

be laid on a natural bed.

Mr. J. W. Schaub (Consulting Engineer) :—I think Mr. Fritch has

on his own road some good examples of Bedford stone not laid on

its natural bed that has been destroyed by frost, and I think he should

be able to give us some information on the subject. I refer to the

viaduct on Sixtieth Street. Since that stone has been disintegrated the

masonry has been faced with a coating of concrete, and the result is

that yoti have a masonry wall with a concrete face which is an extraor-

dinary condition, but you have a bv"tter wall than you had before.

Mr. R. Modjeski (Consulting Engineer) :—As far as I can remem-

l)cr, the stone in the Sixtieth Street viaduct was made of a mixed

Bedford stone, containing some bluestone, which very often will disinte-

grate. I do not think taking Bedford stone from the upper layer of

quartz and setting it on edge will injure it.

Mr. L. C. Fritch :—I am not familiar with the case at Sixtieth

Street Mr. Schaub speaks of. I do not know that anyone can tell

whether Bedford stone is laid on its natural bed or not. unless, as Mr.

Modjeski states, it is the top layers which show the line of the bed

or the drill mark, or something of that kind.

Mr. Modjeski:—That question came up on a recent piece of work

and the contractor asked us if we would allow the setting of a stone

different from its natural bed, and our ruling was that when the

separation is not perceptible, we \-,ould allow him to ?ct it on edge or

anv wav he chose.
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Mr. Schaub :—When that stone was set on the Sixtieth Street

viaduct, 1 do not think anyone could tell where the natural bed was, and
it was onl}' developed after two winters, when the action of the frost

developed the natural bed and resulted in spalls dropping down on the

heads of passengers. It seems to me it would be unwise to eliminate

this clause from the specifications, because it is uncertain as to what
that stone will do, especially if it is full of sap. The stone at Sixtieth

Street was full of sap when laid, and under those conditions no doul)t

it would be unwise to set it on edge.

Mr. L. C. Fritch :—My purpose was not to eliminate the paragraph,

but to modify it in some way that would prevent any discussion that

might work an injustice upon the contractor in case stone were not laid

exactly on its natural bed, where it made no diflference. In this particu-

lar case at Sixtieth Street I do not think it would have made much
difference if the stone had been laid the other way. If that stone was
laid before it was seasoned, that is perhaps the cause of the failure

of it, and then there is a ciifference in that stone between the true

oolitic and what is called the foreign oolitic, or commonly known as the

bastard oolitic. If you do not get the true oolitic, the chances are it

will disintegrate and go to pieces, no matter in what manner it is laid.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—

I

knew of but two stones which would be excepted tmder this ruling, and

these are granite and marble. I have had experience with so-called

homogeneous limestone, and my observation is that although the natural

bed does not appear when the stone is first brought out, it develops

as soon as either frost or coal gas acts on it, and if it is to be modified

at all. I think it would be as well to say, "With the exception of granite

and marble." I do not think it is necessary to put them on their

natural bed.

Mr. Buck :—From the experience of the preceding speakers and my
own I am in favor of leaving the paragraph stand, and when the

structure of the stone is such as to make it difficult to distinguish its bed

after having been removed from the quarry, make it obligatory on the

part of the contractor to bring the stone from the quarry with its bed

so designated that there will be no trouble in getting it properly placed

in the work.

Mr. Loweth :—It is not a question whether or not the stone is laid

on its natural bed but also the pressure it has to bear. A stone laid

on its edge in a masonry wall certainly takes a pressure or strain that

it did not take in its natural state in the rock. That is another reason

why we should let the paragraph stand as it is written.

Prof. A. N. Talbot (University of Illinois) :—The general opinion

is that stone should be laid upon its natural bed, and that it will disin-

tegrate from the action of frost and atmospheric changes if laid in any

other position. Whether the natural bed may be determined from the

appearance of the stone is quite another question from the requirements

for putting it in a certain position.

39
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The President:—Is there anyone present from the United States

Geological Survey?

Mr. Richard L. Humphrey (Consulting Engineer) :— I would state, in

connection with the investigation of the strength of stone, in large

cubes, laid on side, the homogeneous stone—like some types of sand-

stone, perhaps harder than the stone Mr. Fritch referred to—where there

was no natural quarry bed, gave quite different results under compres-

sion, whether the load was applied against the bed or in the direction

of the bed, and I think it is an important thing for the engineer to

satisfy himself that the stone is being laid on the natural bed for the

reason of its greater strength.

Prof. W. K. Hatt (Purdue University) :—When stone comes to my
laboratory for the purpose of test, it is set on its natural bed, whenever

we are able to distinguish its natural bed. We do not seem to be J.blc

to detect the bedding in the Bedford limestone. One case has come

under my observation in which some Bedford stone steps were put in

the entrance to a building exposed to the 'weather. As far as one could

see the stones were cut and laid on their natural bed. Since that time

oblique seams have developed in the steps and have resulted in bad

spalling. One who is an expert in the examination of rocks with the

microscope might determine the presence of these seams that are invisible

to the naked eye.

Mr. L. C. Fritch :— I have in mind a case where an important bridge

was built with Bedford stone, and a very prominent engineer insisted

that that stone should be laid on its natural bed. It developed quite

a discussion between the contractor and engineer in charge, resulting in

throwing out some stone which was perfectly good and working a

hardship on the contractor. Everyone knows that where the seams of

stone can be determined, or where the natural bed can be determined, it

should of course be laid upon its natural bed; but the question is, should

we make provision in the case of homogeneous stone, where it is not

essential to lay it on its natural bed?

Mr. Robert Moore :— I would suggest to put in, "wherever the

natural bed cannot easily be determined it must be noted at the quarry."

Mr. L. C. Fritch :—The point is that this paragraph places in the

hands of the engineer a weapon tliat he uses without sufficient knowledge

to use it properly.

Mr. Brown :— I do not think that alters the case any. If it is not

good to put the stone on its edge, it ought not to be so laid. If a certain

character of stone is being used, of which it is difificult to determine its

natural bed, that only means that extra precautions must be taken on

the part of the contractor or his supply man and the engineer.

The President:—There being no motion before the house, the

Secretary will continue the reading.

The Secretary:
—

"(9) No stone must be dropped or slid over the

wall, but must be placed without jarring the stones already laid.
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"(lo) No heavy hammering will be allowed on the wall after a

course is laid.

"(ii) If a stone becomes loose after the mortar is set, it must

be relaid with fresh mortar.

'( 12) Each stone must be cleansed and dampened before laying.

"(13) Stones must not be laid in freezing weather unless allowed

by the engineer. If allow^ed, they must be freed from ice, snow or frost

by warming, and laid in mortar made of heated sand and water, or, with

proper precautions, mixed with brine in proportions of one pound of salt

to 18 gallons of water, when the temperature is 32 degrees Fahrenheit.

Add one ounce of salt for every degree of temperature below 32 degrees

Fahrenheit.

"(14) Stones must be laid to exact lines and levels so as to give

the required bond and thickness of mortar in beds and joints."

Mr. Loweth :—I would like to inquire what the Committee considers

as the proper precautions to take in mixing water with brine.

]\Ir. Dean :—We only use this as a precaution for the engineer. If

it is properly cleaned, heated, and free from all ice, snow and frost, then

it is just a question for the engineer whether he would use salt or not;

that is an alternative.

The Secretary:
—

"Pointing. (15) Mortar in beds and joints of

exposed faces must be removed to a depth of one (i) in. before it has

set. No pointing shall be done until the wall is complete and mortar

set, nor when frost is in the stone. Wet the joints and fill again with

mortar made of equal parts sand and Portland cement. It must be

pounded in with 'set-in' or calking tool, and finished with a beading tool

the width of the joint, used w-ith a straight-edge."

Mr. Low'eth :—I think for a mass of masonry a depth of one inch

is hardly sufficient. My observation is that it would soon come out, and

I would move to change the beginning of the paragraph to read, "Mortar

in beds and joints of exposed faces must be removed to a depth of three

inches before it has set."

Mr. Geo. W. Kittredge (Cleveland, Cincinnati, Chicago & St.

Louis) :—I W'Ould amend that motion by saying "not less than one inch."

That is a better way to put it than as it is written. I agree with the

former speaker that one inch is not sufficient in all cises.

The President :—The Committee will accept the suggestion of "'not

less than one inch."

The Secretar}-:
—

'"Classification. (16) Stone masonry will be classi-

fied under the following heads : Bridge and Retaining Wall Masonry,

Arch Masonry, Culvert Masonry, and Dry Masonry.

"Bridge and Retaining Wall Masonry.— (17) Bridge and Retaining

Wall Masonry shall consist of two classes: (a) Ashlar ("either coursed

or broken-coursed), and (b) Rubble.

"Ashlar Bridge and Retaining Wall Masonry.— (18) In Ashlar

Bridge and Retaining Wall Masonry (either coursed or broken-coursed),

the stone must be large and well-proportioned.
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"(19) No course to be less than fourteen (i.;)) in. nor more than

thirty (30) in. thick; the thicknes.s of courses to diminish regularly from

bottom to top."

Mr. Moore:—It seems to me that the terms "Ashlar, Bridge and

Retaining Wall Masonry" are not logical. Ashlar work can be used

either in a bridge or in a retaining wall. In other words, would not

"Ashlar Masonry" be sufficiently descriptive without regard to the par-

ticular use to which it is put?

Mr. Brown :—That brings up a point that we expected to be raised,

which has been discussed, and which I referred to in my opening

remarks. Ashlar may be used in bridge masonry and retaining wall

masonry or even in culvert masonry, and if you refer to the diagram

on page 87 you will see that the first column of that classification deals

with "kind." The ashlar does not occur until the third column, which

is headed "description." This specification which we are discussing is a

specification for bridge and retaining wall masonry built of ashlar.

Mr. Moore :—It sounded as though the "ashlar bridge and retaining

wall" was part of the name of the masonry.

Mr. Brown:—Under the general heading just above is "Bridge and

Retaining Wall Masonry." Further along is given "Rubble Bridge and

Retaining Wall Masonry."

Mr. L. C. Fritch :—If it is in order, I would make a motion that

the convention accept the classification of masonry for the reason that

it is a definition and should be discussed by correspondence, and any-

where in the specifications where these definitions occur they should

be accepted unless objected to in writing.

Mr. Brown :—It would seem to me that before we proceed further

with the discussion of the specification that our rule that definitions

are not to be discussed on the floor of the convention should be sus-

pended, perhaps, and this classification discussed, for it has a vital

bearing on the specifications. If this classification is to be thrown out, it

vitiates very much of the force of these specifications we have drawn up.

The President :—The chair would rule that the classification of

masonry is not a definition, and discussion is in order on the part of

the convention.

Mr. C. S. Churchill (Norfolk & Western) :—What probably causes

us trouble is the term in the heading, "Ashlar Bridge and Retaining

Wall Masonry," whereas you mean "Ashlar Masonry in Bridges and

Retaining Walls."

The President :—The Committee accepts Mr. Churchill's suggestion.

Mr. Loweth :—Under the heading, "description," in the classifica-

tion of Masonry, we find "dimension, ashlar and rubble." I do not

find anything in the classification that corresponds with the ashlar bridge

and retaining wall masonry.

Mr. Brown :—That description was put in to take care of the stone

that is used in bridge and retaining wall masonry, referring to special
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copings and specially cut stones, which frequently form part of that

kind of masonry. We do not often build a piece of masonry entirely

of stone, called by strict construction dimension stone ; nevertheless

dimension stone frequently enters into the construction of that kind

of masonry.

The President:—There being no motion before the convention, the

Secretary will continue the reading.

The Secretary:
—

"Dressing. (20) The beds and joints or builds

of face stone shall be fine-pointed, so that the mortar layer shall not

exceed one-half (yi) in. in thickness when the stones are laid."

Mr. Brown :—I have a point we desire to call attention to. We
attempted to simplify the various names under which dressing is ex-

pressed, and we ask you to note on page 89 our description of these

terms. I call your attention to this, so that if there is any objection

to the use of the name of the dressing in any of these following para-

graphs, it may be discussed.

The Secretary:
—

"(21) Joints in face stone must be full to the

square for a depth equal to at least one-half the height of the course,

but in no case less than twelve (12) in.

"Facing or Surface Finish. (22) The exposed surface of each

face stone will be rock-faced, and the edges pitched to true lines and

exact batter; the face to have no projections over three (3) in. beyond

the pitch lines."

Mr. Modjeski:—In the case of granite masonry, it would seem that

12 inches back of the face would be quite a hardship.

The Secretary:
—

"(23) A chisel draft one and one-half (iVi) in-

wide shall be cut at each exterior corner."

Mr. Kittredge :—I think that is one of the cases where the word
"may" could be used better than the word "shall." I do not think

it IS important to the integrity of the wall or the appearance of the

structure that it shall have a draft line. I make that as a motion.

Mr. Loweth :—I think that would leave room for a great deal of

doubt, when work was being constructed, whether the engineer would

have a right to insist on a chisel draft or whether the contractor was

obliged to furnish it. It seems to me we ought not to be ambiguous

in the specification, but the engineer should cover it in his request for

bids on the work.

Mr. A. J. Himes (New York, Chicago & St. Louis) :—There seems

to be some confusion among the members of the Association as to

whether these specifications shall be considered merely as recommenda-

tions or are to be followed in writing other specifications, in which case

the use of the term "may" would seem to be eminently proper, or

whether the specifications are to be used as specifications for doing the

work without revision.

As a matter of fact, some of the specifications recommended by

the Association are already in use. Mr. Schneider told us that he was
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doing work under the specifications drawn up by the Committee on Iron

and Steel Structures. I think there is no question that in many instances

the specifications recommended by the various committees will be used

directly without modification or revision in the letting of contracts. In

such case it would be eminently proper that the term "shall" should be

used. It seems to me that this is the idea in submitting these specifica-

tions to the Association, that they may be used in writing contracts

without revision, and for that purpose the term "shall" should be used.

Mr. Kittredge :—I do not view this classification in just the light

the last speaker has put it. I view these descriptions or classifications

as a guide in regard to the structure you are to build. In making a

detailed specification for the construction of any particular piece of

work, you would indicate either by your specifications or your plans

whether or not there were draft lines on the work, and so far as a

wall or ashlar abutment is concerned, it is not necessary for your equip-

ment that there should be draft lines. It was for that reason that I

suggested the word "may."

(The motion was lost.)

The Secretary:
—

"(24) No holes for stone hooks will be permitted

to show in exposed surfaces. They must be handled with clamps, keys,

lewis or dowels. ,

"Stretchers. (25) Stretchers shall be not less than four (4) ft.

long, and to have at least one and a quarter times as much bed as thick-

ness of the course.

"Headers. (26) Headers shall be not less than four (4) ft. in

length. They shall occupy one-fifth of the face of the wall, and no

header shall have less than eighteen (18) in. width of face, and where

the course exceeds eighteen (18) in. height, the width of face shall

not be less than the height of course. Headers shall hold the size in

the heart of the wall that they show on the face, and be so arranged

that a header in a superior course shall be placed between two headers

in a course below; but no header shall be laid over a joint, and no joint

shall occur over a header. They shall be similarly disposed in the back

of the wall, interlocking with those in the face when the thickness

of the wall will admit. When the wall is too thick to admit of such

arrangement, stones of not less than four (4) ft. in length shall be

placed transversely in the heart of the wall to bond the two opposite

sides of it.

"Backing. (27) Backing shall be large, well-shaped stone, roughly

bedded and jointed; the bed joints not to exceed one (i) in., and ver-

tical joints generally not to exceed two (2) in. No part or portion

of vertical joints shall have a greater dimension than six (6) in.,

which void shall be thoroughly filled with spalls fully bedded in cement

mortar or filled with concrete. At least one-half of the backing stones

shall be of the same size and character as the face stone and with

parallel beds.
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''(28) When face stone is backed with two courses, neither course

shall be less than eight (8) in. thick.

"(29) When the wall is three (3) ft. thick or less, the face stone

shall pass entirely through and no backing be allowed.

"Backing. (30) If the engineer so directs, the backing may be

entirely of concrete, or back laid with headers and stretchers, as specified

above, and heart of wall filled with concrete.

"Bond. (31) The bond of stone on face, back and heart of wall

shall not be less than twelve (12) in. Backing shall be laid to break

joints with the face stone and with one another.

"Coping. (.;i2) Coping will be dimension stone, holding full size

throughout, proportioned for its loading, as marked on the drawings.

''(33) The beds, joints and top will be fine-pointed.

"(34) The location of joints will be determined by the position of

the bed plates, and must be shown on the drawings.

"Locks. (35) When required, in the judgment of the engineer,

coping stones, stones in the wings of abutments, and the stones on

piers shall be secured together with iron cramps or dowels, their position

being indicated by the engineer.

"Rubble and Retaining Wall ?iIasonry. (36) Rubble Bridge and Retain-

ing W^all ]\Iasonry will consist of stones roughly squared, laid in irregular

courses. The beds must be parallel, roughly dressed, and lie horizontally

in the wall. The bottom stones shall be large selected flat .stones. The
wall must be compactly laid, having at least one-fifth the surface of the

back and face headers, so arranged as to interlock, having all the spaces

in the heart of the wall filled with suitable stones and spalls, thoroughly

bedded in cement mortar or filled with concrete. The face joints must

not be more than one (i) in. in thickness."

Mr. Loweth :—Should not the heading be changed there as in the

other case to read, "Rubble Masonry in Bridges and Retaining Walls?"

Mr. Brown :—Yes.

Mr. Himes :—Paragraph 36 reads, "having all spaces in the heart

of the wall filled with suitable stones and spalls, thoroughly bedded in

cement mortar or filled with concrete." I w'ould like to raise a question

there as to the advisability of incorporating in the specification the

method to be pursued, in so filling the heart of the wall. In my ex-

perience in building masonry I have found the only satisfactory way
to have the stones thoroughly bedded is to deposit the mortar first

and then bed the spalls in that, and I have found a great deal of diflfi-

culty with masons in getting them to do the work in that manner. I

have found it very difficult to get the heart of the wall well filled with

mortar unless it is done in that way. The question I would like to

raise for discussion is whether it would be wise to incorporate in the

specification a statement as to the method of depositing the mortar and

stone in the heart of the wall.

Mr. Brown :—The paragraph says, "thoroughly bedded in cement
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mortar." I do not believe you will get it thoroughly bedded unless you

fill it with mortar. •

Mr. Himes :—That is my interpretation, but sometimes the con-

tractors argue to the contrary.

Mr. Brown :—We do not consider it necessary to specify precisely

the method of filling the spalls in there. If we specify the spalls shall

be thoroughly bedded, the method is up to the engineer.

Mr. Dean :—If a lot of stone is thrown in, and the mortar is thrown

over it, that is not bedding it.

The Secretary:
—"Arch Masonry. (S7) Arch Masonry shall con-

sist of the arch ring only, or that portion between the intrados and

extrados, and shall be of two classes: (a) Ashlar Arch Masonry, and

(b) Rubble Arch Masonry.

"(41) The exposed surface of the ring stone shall be smooth or

rock-faced, with a marginal draft,

and dressed true to templet.

"(39) The number of courses and depth of voussoirs will be shown

on the drawings.

"(40) The joints of the voussoirs and the intrados shall be fine-

pointed. Mortar joints shall not exceed three-eighths (5^) in.

"(41) The exposed surface of the ring stone shall be smooth or

rock-faced, with a niargirial draft.

"(42) Voussoirs shall be carried up simultaneously from both bench

walls.

"(43) Backing may consist of large stones shaped to fit the arch

bonded to the spandrel and laid in full beds of mortar. Concrete may

also be used for backing.

"(44) If waterproofing is required, a thin coat of mortar or grout

shall be applied for a finishing coat, upon which shall be placed a cover-

ing of suitable waterproofing material.

"(45) Centers shall not be struck until directed.

"(46) Bench walls, piers, spandrels, parapets, wing walls and copings

will be built under the specifications for Ashlar Bridge and Retaining

Wall Masonry.

"Rubble Arch Masonry. (47) The voussoirs must be full size

throughout, and must have bond not less than thickness of the stone.

"(48) The depth of voussoirs will be shown on the drawings.

"(49) The beds need only be roughly dressed, so as to bring them

to radial planes.

"(50) Mortar joints shall not exceed one (i) in.

"(51) The exposed surface of the ring stones shall be rock-faced,

and the edges pitched to true lines."

Mr. L. C. Fritch :—I suggest that the following words be added to

that paragraph : "Unless otherwise directed." As it reads now, it

would seem to make it obligatory.

Mr. A. S. Baldwin (Illinois Central) :—That also seems to apply
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to paragraph 41. In that paragraph who is to determine? Sliall it

be left to the contractor?

Mr. Brown:—I suppose tlie plan^ would indicate that, or Jt would

be specified in the contract.

The Secretary:
—

"(52) Voussoirs shall be carried up simultaneously

from both bench w-alls.

"(53) Backing may consist of large stones, shaped to fit the arch

bonded to the spandrel and laid in full beds of mortar. Concrete may
also be used for backing.

"(54) If waterproofing is required, a thin coat of mortar or grout

shall be applied for a finishing coat, upon which shall be placed a cover-

ing of suitable waterproofing material.

"(55) Centers shall not be struck until directed.

"(56) Bench walls, piers, spandrels, parapets and wing vails will

be built under the specifications for Rubble Bridge and Retaining Wall

Masonry.

"Culvert Masonry. (57) Culvert Masonry must be laid in cement

mortar. The character of stone used and quality of work must be

similar to that specified for Rubble Bridge and Retaining Wall Masonry.

"(58) One-half the top stones of the side walls must extend entirely

across the wall.

"(59) The covering must be of sound, strong stone, at least twelve.

(12) in. thick, or as shown on drawings. They must be roughly dressed

so as to make close joints with each other, and must lap their whole

width at least twelve (12) in. over the side walls. They must be doubled

under high embankments, as directed by the engineer or shown on the

drawings.

"(60) The end walls must be covered with suitable coping."

Mr. Garrett Davis (Chicago, Rock Island & Pacific) :—I would

suggest that there is less stress on culvert covers under high embank-

ments than there is under shallow embankments—less reason for doubling

under a high embankment than there is under an embankment less than

eight feet high.

Prof. W. D. Pence (Purdue University) :—The term "high em-

bankments'' is an interesting one, as to what it means. I do nor suppose

it would be proper to specif}- definitely what it means in specifications

of this kind, but it would be interesting to know, if wc have time to

have an expression of opinion. The point Mr. Davis brings up here

is an important one in some kinds of structures.

Mr. Brow n :—I think the double covering stones in culverts would

depend very much on the character of the stone and the thickness of

covering used, and it was the intention to leave that largely to the

discretion of the engineer, of course.

The Secretary:
—"Dry ^Masonry. (6ij Dry Masonry will include

dry retaining walls and slope walls.

'Dry Retaining Walls. (62) Dry Retaining Walls will include all

dry rubble work for retaining embankments or similar work.
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"(63) Flat stone at least twice as wide as thick will be used.

Beds and joints to be roughly dressed square to each other and to face

of stone.

"(64) Joints not to exceed three-quarters (H) i"-

"(65) The different sizes of stone must be evenly distributed over

the whole face of wall, generally keeping the largest stone in the lower

part of wall.

"(66) The work shall be well bonded and present a reasonably true

and smooth surface, free from holes or projections. This wall is double-

faced and self-sustaining."

Mr. L. C. Fritch :—I would suggest that the Committee change the

last sentence to read, "The wall should be doublc-faCed and self-sus-

taining."

Prof. Pence:—That is rather an unusual thing to say in specifica-

tions—an explanatory sentence of what is intended in the design.

Mr. Brown :—We are willing to omit that sentence. As it is cov-

ered in our definitions anyway, it would perhaps be best to eliminate it.

The President:—If there is no objection, the last sentence of para-

graph 66 will be stricken out.

The Secretary:
—

"Slope Walls. ('07) Slope walls shall be built of

such thickness and slope as may be required by the engineer. No stones

which do not reach through the wall shall be used in their construction.

Stones shall be placed at right angles to the slopes. This wall is single

faced and built with steep slope simultaneously with the embankment

which it is to protect."

Mr. C. H. Ewing (Philadelphia & Reading) :—The specifications

appear rather incomplete without embodying in them a specification for

cement, particularly in mason work; cement is vital to the life of the

structure. We have gone somewhat into detail as to the quality of the

stone, but we have not as yet said anything as to the cement. I would

recommend that for the next year the Committee prepare a standard

specification for cement, and embody it in the specifications.

Mr. Brown :—This Committee has already prepared standard specifi-

cations for cement, which are two or three years old, and that has

already been covered by the recommendations.

Mr. Ewing :—I did not know that. I would move, therefore, that

the cement specifications be embodied in the specifications for stone

masonry.

Mr. C. W. Boynton (Illinois Steel Company) :—The intention of

the Committee is that wherever cement or concrete is mentioned, we
apply our standard specifications, and it seems hardly necessary to

make the cement and concrete specifications a part of the stone masonry

specifications.

Prof. Pence:—Is there not something in .Mr. Ewing's suggestion

that should have attention—the matter of a reference of these specifica-

tions to the standard cement specifications, that it would tie the two
together and avoid the lapse he speaks of?



MASONRY. 619

Mr. Ewing:—What brought out this .subject in my mind was a

remark by Mr. Churchill this morning in reference to some structures

built on our road about 1840—rubble arches that partially failed, but

were distorted only on account of the mortar of the joints. Otherwise

the arches would have remained in good shape to-day. Some are in

good order, but it was the mortar in the joints that caused these arches

to fail. It seems to me, therefore, that it is very necessary that we
either embody the complete specifications for cement here, or include, as

has been suggested by Prof. Pence, a reference to those specifications,

and make them a part of the stone masonry specifications.

The President :—The chairman of the Committee states that the

Committee has no objection to embodying a paragraph of that kind,

referring to the standard cement specifications of the Association.

Mr. Boynton :—In reference to the headings that have been changed—"Ashlar ]\Iasonry in Bridges and Retaining Walls," etc.—in our

classification we do not recognize such a thing as ashlar masonry, and
in our definitions we define an ashlar block ; but ashlar masonry does

not appear. If we introduce it in our headings, we will necessarily

have to revise our classification and our definitions. It seems we should

get around the difficulty of an unpopular expression in some other way.

Mr. Kittredge :— It seems to me that with the discussion we have

had on that subject, the matter could be left to the Committee for such

revision as they deemed proper. I have faith in the Committee that it

can solve the question in a way that will be satisfactory, and if a motion

is necessary, I will make this in the form of a motion.

(The motion was carried.)

Mr. L. C. Fritch :—I would move that the classification of masonry,

as shown on page Sy, be adopted by the convention as a whole, with

such modifications as are necessary to meet the changes that have been

made in the wording of the specifications, which shall be left to the

Committee to modify.

(The motion was carried.)

The President:—If there is no objection, the report of the Com-
mittee will be accepted as amended, and the Committee relieved, with

the thanks of the Association.

Mr. Loweth :—What is the result of the acceptance of this report?

Have we accepted these specifications for stone masonry?

The President:—Yes, sir, as amended.

Mr. Loweth :—I do not understand that that was done by formal

vote.

The President:—If there is no objection, they stand approved.

Mr. Loweth :—As long as we have not adopted them by formal

vote, I want to make a motion that the specifications for stone masonry
be referred back to the Committee for revision, and to report at the

next meeting. It seems to me that these specifications are not as concise

and free from ambiguity as they could be made. They cover the ground
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pretty well, but I think they can be gotten up in very much better form.

Mr. McDonald:—I would like to ask Mr. Loweth if his objections

are based simply on grammatical and rhetorical arrangement, or whether

they involve essential changes in the meaning of the paragraphs?

Mr. Loweth :—In reply to the question of Mr. McDonald, I would

say that in going over these specifications we have made a great many

suggestions for changes. I think there are a great many others that

could have been suggested and brought forth if there had been time. I

feel that, as they stand, even with the corrections which have been

made, that they contain a great many ambiguities, and certainly are of

less value than they will be when threshed over again and put in better

form ; and I know the Committee can very well do it.

Mr. Brown :—That means that the substance and intent you do

not care to have changed, if we express it in a little more precise form,

or more concise form. Is that your idea?

Mr. Loweth:—I think it covers not only the form of the specifica-

tions, but the wording of the different paragraphs, and to quite a con-

siderable extent the subject-matter of the specifications.

Mr. Brown:—I do not recall any objection to the subject-matter

having been made, with the exception of one or two minor points which

the Committee was willing to adopt right on the moment. In other

words, we would like to have instructions as to whether, in general,

the substance of our specifications meet the idea of the Association, or

whether the desired revision and reference back is for the purpose of

clearing the wording of ambiguities, and such matters only. It would

be practically nothing more than a reiteration.

Mr. Moore :—I should like to ask whether Mr. Loweth's motion

means that these specifications shall not be printed again for the infor-

mation of the members, because, even though subject to further re-

vision, they might be very useful. They can be printed with the under-

standing that the Committee has them under advisement for further

revision.

The President :—The chair would state, for the information of Mr.

Moore, that, under our practice, the specifications will be printed in the

Proceedings, but will be excluded from the Manual of Recommended
Practice.

Mr. McDonald:—My object in asking Mr. Loweth was to know
whether he would be willing to leave that matter of editing the report

to the Committee, rather than have them consider it another year,

when it would be brought back and probably treated in the same way.

Mr. Dean :—We have made quite a departure this year. The old

first, second and third class masonry are done away with. Now we
bring this down to a classification such as ashlar and rubble. Does
that meet with your approval, or do you want to go back to the old

idea?

(The motion was lost.)
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Mr. Baldwin :—There is a point I would like to bring up in con-

nection with these specifications that is a general one. On several

occasions it has been brought out that quite a considerable difference

would come in the results, whether certain words were used, such as

"shall" or "may." It was also brought out very clearly that it is in-

tended that these specifications as prepared shall be such that they can

be actually used and be serviceable. At the same time we have passed

over several points that leave something in dispute, some uncertainty

on the part of the contractor. I believe it would be very helpful if we
could have the specifications so arranged that by the erasure of one

word or another, that is, one put above another, the engineer in letting

the contract could choose whichever method he preferred ; and, further-

more, he would have the benefit, in going over the specifications, of

having his attention directed to these points. As a rule, we give an

outline plan that would not be gone into in detail, and it leaves some-

thing open for dispute between the contractor and the engineer. To
illustrate, under paragraph 41, it reads, "The exposed surface of the

ring stone shall be smooth or rock-faced, with a marginal draft." That

makes a great deal of difference to the contractor when he comes to

put that up. If we had the classification worded, "The exposed sur-

face of the ring stone shall be," and directly under that "must be,"

"with marginal draft," wc would have something that would be of

assistance to the engineer in letting his contract, because when he

would glance over the contract, his attention would be called to these

things.

Mr. Brown :—The Committee is agreed that Mr. Baldwin's sugges-

tion is a very good one, and it would not be a very difficult matter

to make the arrangement he suggested, and unless there is objection on

the part of someone else, we would be very glad to consider that and

introduce it into the final form of these specifications.

Mr. Buck :—How would it read after the Committee had changed

it in accordance with the suggestion?

Mr. Brown :—I do not know that the Committee would want to be

taken on short order and arrange that and hold to it now. The idea

is well fixed in our minds—that is, the idea of what we want to accom-

plish. I do not know that the two methods of dressing should each

be printed so that one should be erased or not. If that arrangement

should be found not to burden the whole document too much, it might

be introduced. That would be a matter the Committee would not like

to commit itself on offhand.

Prof. Pence :—Mr. Baldwin merely proposed that we should have

the alternative use of "must" or "shall." It seems to me that would

not be a difficult matter. I supposed he was speaking of the alternative

kinds of dressing.

Mr. Buck :—I think the paragraph as it stands is exactly right.

It is good practice. The suggestion to change it so that it could alter-

nate would not make it any better than it is.
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Mr. Schaub :—It seems to me the whole matter could be- simplified

by merely adding to paragraph 41 the words, "as specified."

Mr. Baldwin :—I do not mean this to apply to this particular para-

graph necessarily. Here are two alternate methods, and I wanted

to call the attention of the engineer, in going through his specifications,

to the fact that there was more than a single proposition there. It is

of great assistance in letting contracts to have your attention called to

things that may be lost sight of. The engineer does not wish to go

through each line of a specification to see whether or not everything

is clear.

Mr. Humphrey :—Why could not that be simplified by placing the

two phrases one above the other, indicating with an asterisk that the

engineer should strike out one or the other? You could put on the top

line, "the masonry shall be smooth-faced," and directly underneath it.

"rock-faced, with marginal draft," and signify that the engineer should

indicate the character of finish desired by striking out one or the other

of those phrases.

The President :—The question is on the advisability of inserting

alternate words in the specifications. There is no motion.

Mr. Churchill :—It seems to me that the Committee have stated very

clearly that they can handle the question and will handle it in case

there are any particular paragraphs that can be improved in any manner,

.^nd that they will correct any verbiage. I think, therefore, that the

report of the Committee should be accepted, and I make that motion.

Mr. Modjeski:—I would offer as an amendment that the specifi-

cations for masonry, as read and amended, be approved in substance

as a preliminary draft, and that the Committee be requested to present

to the next convention revised specifications, taking into consideration

the points developed in this discussion, or which may develop in dis-

cussion hereafter.

Mr. Brown :—I sincerely hope that the amendment will be voted

down, for the reason we think we ought to dispose of this matter right

now. The substance of this specification does not seem to be attacked.

The only questions which may arise at all are of minor importance,

such as Mr. Churchill has mentioned, in phraseology and rhetoric. I

sincerely hope that the convention will allow the specifications to stand

as approved, with the understanding that these minor corrections, which

may be termed editing, may be done either by the Committee or by

the Committee on Publications, and that the specifications may appear

in the Manual of Recommended Practice.

(The amendment was lost, and the original motion carried.)

Mr. Brown :—I rise now to a matter of privilege. A member of

our Committee, who is also a member of the Advisory Board on Fuels

and Structural Materials, desires to make a statement regarding the

action of the Government in helping along the work.

Mr. Humphrey :—I have heard some little criticism and comment



MASONRY. H-IH

relative to the work which is Ijeing done in tlie investigation of structural

materials, on the ground that there has heen a great deal of talk and
verjf little action. The work was inaugurated last April, under two
Government appropriations, one for five thousand dollars and ihc other

for seven thousand five hundred dollars. As the first item was a de-

ficiency appropriation, it was necessary to use the money at once in the

purchase of equipment; this left seven thousand live hundred dollars

to carry on the work during the year. When I say to you that we
have some fourteen assistants in the laboratory at St. Louis, Mo., and
that they have examined some seventy-seven samples of sands, gravels

and crushed stone in different parts of the country, all of which were
donated by the people who owned the deposits and were carried by the

railroads free of charge ; that the steel for use in the reinforced con-

crete was donated by the steel manufacturers, and the cement by the

cement manufacturers, you will understand the magnitude of the work
necessary in providing for these assistants and in securing the co-

operation of the railroads and the ow^ners of the various deposits froin

which samples were obtained. There was insufficient money, and we
have done the best we could ; there is in preparation at the present

time a bulletin which will appear before the end of this half 3'ear tell-

ing of the work which was done during the past year, and also setting

forth the work which has been done at various technological institutions

under the supervision of the Joint Committee. It requires a good deal

of time and effort to organize. Our organization at St. Louis, which

is now the laboratory of j'our Committee on Concrete and Reinforced

Concrete, is fairly under way. We hope to get one hundred thousand

dollars from the United States Government; it seems reasonably sure

that we will get it. We hope that every member interested in the work
will communicate with his congressman endorsing this work, because

it is only through such action that we will secure the appropriation.

We will accomplish more next year than we did this year. What I

desire to bring before the members of this organization is the need

of co-operation on the part of the railroads in enabling us to obtain

characteristic samples from deposits of sand, gravel and stone—which

form the constituent parts of concrete. This is the first thing we must

get information on as the basis of the final report on concrete and rein-

forced concrete. If we must purchase all this material, pay the freight

as well as the expenses of the inspector who inspects it, it will quickly

exhaust the appropriation. So that, when we appeal to the members
connected with the various railroads to assist us in this matter, I

trust you will understand the reasons why we are doing it, and after

the samples are furnished to realize that it takes time before the mate-

rial can be tested and a report made. As a matter of fact, wc have

thus far accomplished a very great deal under adverse conditions.

As stated before, we tested some seventy-seven samples last year

;

these tests e.xtend over a year, embracing periods of one month, three
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months, six months and a year, and were made regularly and sys-

tematically. While we have been doing a great deal of talking, as has

been said, we have also been doing a great deal of work, with a limited

amount of monej'. Therefore we hope you will have patience, as we
feel that the coming year will shov/ the value and extent of the work
we are endeavoring to do, and with which your sub-committee is so

cordially and heartily co-operating. I thank you, gentlemen.



REPORT OF COMMITTEE NO. VI.—ON BUILDINGS.

To the Members of the American Railway Engineering and Maintenance

of Way Association:

The Board of Direction has formulated the following outline for

the guidance of the Committee on Buildings in making its annual report :

(I.) The relative advantages and disadvantages of circular, square,

or other special designs of roundhouses, and the recommended general

principles of practice as to the conditions influencing the choice of any

particular design.

(II.) Smoke jacks—various designs and material, life, cost and

recommended practice.

(III.) Roundhouse doors—descriptions and sketches of the various

designs, and recommended practice.

(IV.) Definitions.

(V.) Transmit all papers connected with the standard form of con-

tract for railroad buildings to Committee No. XII.

Several meetings have betn held, which have been well attended,

and some of the work has been done by correspondence, and the con-

clusions reached are the best views of your Committee.

As heretofore, the discussions and the conclusions are intentionally

made as definite and as concise as is possible.

(I.) THE RELATIVE ADVANTAGES AND DISADVANTAGES
OF CIRCULAR, SQUARE, OR OTHER SPECIAL DESIGNS

OF ROUNDHOUSES, AND THE RECOMMENDED
GENERAL PRINCIPLES OF PRACTICE AS TO
THE CONDITIONS INFLUENCING THE

CHOICE OF ANY PARTICULAR
DESIGN.

(Reference is made to Vol. 6, pp. 687-689, and to Bulletin No. 68,

page 123.)

.\—CIRCUL.\R ROUNDHOUSE.
ADVANTAGES

:

(a) It is the logical shape when a turntable is used (a modern

turntable, properly constructed, of ample capacity, is a reliable structure).

625
40
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(b) Ordinarily it is the most economical design for ground space.

(c) It requires only one "jack" per stall.

(d) With its use the cost of handling locomotives in and out, and

of turning them, is a minimum.

(e) This shape allows good command of the work in the house

by the foreman.

(f) This design gives the best facilities for furnishing natural

light around the engine end of the locomotive.

(g) Artificial light can be provided at least cost.

(h) It affords better facilities for locating benches and lockers.

(i) It gives maximum room at the engine end and economizes

space at the tender end of the locomotive.

(j) With equal facilities for work, and ventilation, the cubical

capacity per stall in a circular house is comparatively small; conse-

quently heating is more economical.

(k) At the expense of roofing over the turntable, the loss of

heat by open doors may be reduced to a minimum.

(1) One operator and one power equipment will handle all engines

going in and out.

DISADVANTAGES

:

(a) The locomotives are tied up when the turntable is out of

service.

(b) Loss of heat from open doors, one outside door per stall

being usually used.

(c) Difficulty in increasing the length of the stalls after tht:y are

constructed.

B—RECTANGULAR HOUSES.

Rectangular houses may be classed under two general heads, viz. :

—

(a) Through rectangular houses.

(b) Transverse table houses.

THROUGH RECTANGULAR HOUSES.

This form of house is illustrated on an inset opposite page 688, in

Vol. 6, of the Proceedings of our Association, and consists of a series

of parallel tracks running lengthwise of the house with a system of

lead tracks and switches at each end outside of the house and a system

of double slip switch crossovers in the house, to be used in running

engines around one another.
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The advantages and disadvantages following do not apply to the

small rectangular house, open at one end only, with capacity for two

to four locomotives.

ADVANTAGES

:

(a) This arrangement may fit some particular location, or shape

of property where length but not width can be had.

(^ Locomotives can be readily handled, providing in case of

emergency there will be no confusion in operating the double slip

switches and no derailment occurs at them.

(c) Locomotive standing room can be increased for longer ma-

chine!;, by changing the location of the pits and also of the crossover

track system, or by increasing the length of the house and readjusting

the tracks at the end.

DISADVANTAGES:

(a) Assuming that all locomotives will enter at one end and

depart at the other, it will be necessary to turn at least one-half of

them before they are put into the house, and the same number again

after they go out, in order to save the use of two jacks per engine

.stall throughout the house.

(b) Either two turntables or "Y" tracks, one at each end, will

have to be v.sed or the locomotive will have to be run from end to

end outside to be turned before and after going to the house.

fc) Loss of heat from doors in opposite ends of the house being

open at one time, will be very great.

(d) There is no space for work benches, or fdr storing parts of

engines temporarily, without blocking the running space for other loco-

motives.

(e) Locomotives cannot be required to arrive at one end and

depart at the other without cutting down materially the capacity of the

house by keeping several of the tracks open.

(f) If crossover clearances are maintained, and tracks are kept

open for running, there will be a large amount of space in the house

per eflFective stall, consequently the cost of heating and of lighting

will be comparatively large.

TRANSVERSE TABLE HOUSES.

This house consists of a series of parallel engine pits, usually run-

ning crosswise of the house, the locomotives being handled to and from
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them by means of a transverse table, located either inside or outside

of the building, depending on the conditions and the requirements.

ADVANTAGES

:

(a) The capacity of the house can be readily increased by exten-

sions and additions of other transfer tables on the same depressed

tracks.

(b) Cranes can be used to advantage in this form of a rectangular

liouse if necessary.

(c) This design is favorable for use in connection with a machine

shop or an erection shop, where the transfer table or tables tan be

used in common for both.

(d) When the transfer table is covered, heat may be saved. One

door, however, will have to be opened many times instead of each of

many doors occasionally. There will, in this case, be an economy in

the smaller number of doors needed.

(e) Adaptability for some special locations.

DISADVANTAGES:

(a) On account of the necessity for the use of a turntable as

well as a transfer table, the cost of operation and of maintenance will

be high : the turntable will have to be used for about one-half the

engines when coming in as well as when going out.

(b) The increased time for handling locomotive when the turn-

table work is included.

(c) The arrangement of parallel tracks in an engine house does

not give the best disposition of the floor space, for when the spacing

is made to suit the requirements around the engine end there will be

room to spare at the tender end.

CONCLUSION.

Your Committee therefore has made the following conclusions, and

recommends as general principles of practice that— .

The circular form of an engine house is, in general, the preferable

design, with possibly the follownig exceptions

:

(a) At branch terminals, or similar points, where not more than

three or four locomotives are housed at one time and where it is

more economical to provide a "Y" track than a turntable, or where
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it is not necessary to turn the locomotives, a thorough rectangular

house, with switches at one end only, may be desirable, or

(b) At shops where a transfer table is used and an engine house

is to be added, and at special locations, the transfer table house may be

desirable.

ai.) SMOKE JACKS—VARIOUS DESIGNS AND MATERIAL.
LIFE, COST AND RECOMMENDED PRACTICE.

The design and construction of jacks are at the present time in

a state of rapid transition from the small diameter, adjustable castiron

form to a fixed jack of large size, with a large size flue and a damper,

made of various materials. These large jacks were at first made of

wood, but are now being made more and more of castiron, asbestos

board and other non-corrosive and non-combustible materials, as fast

as the manufacturers are able to adjust the construction to the new

designs. The arguments in favor of the large fixed jacks are evident,

some of which are

:

The modern large locomotive requires larger jacks to take care

of .the smoke, particularly from green fires.

The necessity for quick service in the roundhouse makes the fre-

quent adjustment of the location of the locomotive desirable to facilitate

inspection and repairs. These movements frequently result in the sep-

aration of the stack from the jack. This difficulty is overcome by the

use of the large jack.

A saving in labor is secured, as there is no work to be done in

adjusting the jacks to the stacks each time a locomotive enters the

house. This saving, and the general better atmospheric conditions pre-

vailing, offset the loss of the increased draught caused by the small

jacks acting as extensions of the stacks.

The life of the jacks is deterrhined by the kind of material used,

and there are no" reasons why the same material cannot be used in

the large as has been used in the small jacks. The cost will increase

with the size, but the advantages in favor of the larger size are so

great that the cost should not be a determining factor.

Cast-iron jacks with bottom openings 3H to 4 ft. wide and from

10 to 12 or more ft. long, tapering gradually upward to a flue of a

reasonable length, and 3I/2 to 4 ft. in diameter, with a damper, will

co<!t from $175.00 to $225.00 each, erected.



(i3(l BUILDINGS.

CONCLUSION.

Your Committee therefore has made the following conclusions, and

recommends as general principles of practice that—
The engine house smoke jack should be fixed, the bottom opening

should be not less than forty-two (42) in. wide, and long enough to

receive rhe smoke from the stack at its limiting positions, due to' the

adjustment of the driving wheels to bring the side rods in proper

position for repairs. The bottom of the jack should be as low as

the engines served will allow, and it should be furnished with a drip

trough, the slope upward should be gradual to the flue, the size of

the flue for the largest locomotives should be not less than forty-two

(42) in. in diameter; a damper should be provided in the flue—easily

adjusted from the floor. And the material used should be non-com-

bustible and non-corrosive.

(HI.) ROUNDHOUSE DOORS—DESCRIPTION OF THE
VARIOUS DESIGNS, AND RECOMMENDED PRACTICE.

The various designs of roundhouse doors will include the following:

Swinging, Rolling, Folding, Lifting and Sliding.

(a) Swinging Doors.—Have the advantage of being:

—

Comparatively cheap for first cost.

Glass can be used in them.

Small doors can be built in the larger ones.

They are, however, exposed to the wind, and liable to be olown

against a locmotive and damaged.

If struck, they are liable to serious damage.

(I1) Rolling Doors.—Are now made of wood slats or of metal;

lliey cost about sixty cents per square foot erected.

Small doors or glass arc not placed in the large doors.

They are not exposed to damage by wind.

If stru:k, the damaged slats are easily repaired.

They fit snugly along the sides and at the bottom,

(c) Folding Doors.—Are made of wood.

Glass and small doors can be used in them.

They arc not exposed to damage by wind.

If struck, thev are liable to be seriously damaged.
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(d) Lifting Doors.—Are made of wood.

Glass and small doors can be used in them.

They are not exposed to damage by wind.

If struck, they are liable to be seriously damaged.

(e) Sliding Doors.—Do not fat tightly; the hangers rust and tm..

Glass and small doors can be used in the large ones.

One-half of the doors are necessarily closed all the time

They are not exposed to damage by wind.

If struck, they are liable to serious damage.

The tendency to depart from the use of the swinging door, ana

the introduction of the various kinds of wooden doors of other designs

being of such recent date, your Committee has not been able to find a

door that has all the virtues and none of the faults of the other doors.

CONCLUSION.

Your Committee, therefore, has made the following conclusions, and

recommends as general principles of practice that

—

Roundhouse doors should be made of non-corrosive material ; they

should be easily operated, fit snugly, be easily repaired and maintained,

and should not be exposed to damage by wind, directly or indirectly,

and should admit of the use of small doors.

The' particular kind of door that will suit a given case can be

determined only by giving the proper value to the different factors

enumerated above.

(IV.) DEFINITIONS.

Your Committee has not liad a clear understanding as to the

requirements under this heading, and consequently wishes to simply

report progress.

(V.) BUILDING CONTRACT DATA.

Transmit all papers connected with the standard form of contract

for railroad buildings to Committee No. XII.

This material having been fully compiled and the conclusions there-

from having been presented in the report appearing in Vol. 6, it has

been thought desirable not to lose the valuable information collected,

therefore it has been published in Bulletin No. 68, October, 1905, and is

now available in proper form for the use of Committee No. XII.

Respectfully submitted,

A. R. Raymer, Assistant Chief Engineer, Pittsburg & Lake Erie Rail-

road, Pittsburg, Pa., Chairman.
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E. D. B. Brown, Contracting Engineer, Chicago, 111., Vice-Chairman.

G. F. Bristol, Building Engineer, Pere Marquette Railroad, Detroit,

Mich.

M. CoBURN, Engineer Maintenance of Way, Vandalia Railroad, Terre

Haute, Ind.

H. M. Cryder, Principal Assistant Engineer, Wabash Railroad, St.

Louis, Mb.

B. C. GowEN, Chief Engineer, Wis. & Mich. Railroad, Peshtigo, Wis.

E. C. Macy, Superintendent. Thos. Phce Co., St. Croix Falls, Wis.

H. M. Steele, Chief Engineer, Central of Georgia Railway. Savannah,

Ga.

Committee.



DISCUSSION.

The President :—The report of the Committee on Buildings is be-

fore you. The chairman of the Committee, Mr. A. R. Raymer, asks

that the paragraphs in regard to the relative advantages and disadvan-

tages of circular, square or other forms of roundhouses be read and

discussed.

The Secretary:

—

"Circular Roundhouse—Adv.\ntages.

"(a) It is the logical shape when a turntable is used (a modern

turntable, properly constructed, of ample capacity, is a reliable structure).

"(b) Ordinarily it is the most economical design for ground space.

"(c) It requires only one 'jack' per stall.

"(d) With its use the cost of handling locomotives in and out, and

of turning them, is a minimum.

"(e) This shape allows good command of the work in the house

by the foreman.

"(f) This design gives the best facilities for furnishing natural

light around the engine end of the locomotive.

"(g) Artificial light can be provided at least cost.

"(h) It affords better facilities for locating benches and lockers.

"(i) It gives maximum room at the engine end and economizes

space at the tender end of the locomotive.

"(j) With equal facilities for work, and ventilation, the cubical

capacity per stall in a circular house is comparatively small ; con-

sequently heating is more economical.

"(k) At the expense of roofing over the turntable, the loss of

heat by open doors may be reduced to a minimum.

"(1) One operator and one power equipment will handle all engines

foing in and out.

Disadvantages :

"(a) The locomotives are tied up when the turntable is out of

service.

"(b) Loss of heat from open doors, one outside door per stall

being usually used.

"(c) Difficulty in increasing the length of the stalls after they are

constructed.

"B

—

Rectangular Houses.—Rectangular houses may be classed un-

der two general heads, viz. :

—

"(a) Through rectangular houses.

"(b) Transverse table houses.

"Through Rectangular Houses.—This form of house is illustrated
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oil an inset opposite page 688, in Vol. 6 of the Proceedings of our Asso-

ciation, and consists of a series of parallel tracks running lengthwise

of the house, with a system of lead tracks and switches at each end

outside of the house, and a system of double slip switch crossovers in the

house, to be used in running engines around one another.

"The advantages and disadvantages following do not apply to the

small rectangular house, open at one end only, with capacity for two

to four locomotives.

"Advantages :

"(a) This arrangement may fit some particular location, or shape

of property where length but not width can be had.

"(c) Locomotives can be readily handled, providing in case of

emergency there will be no confusion in operating the double slip

switches and no derailment occurs at them.

"(c) Locomotive standing room can be increased for longer ma-

chines, by changing the location of the pits and also of the crossover

track system, or by increasing the length of the house and readjusting

the tracks at the end.

"Disadvantages :

"(a) Assuming that all locomotives will enter at one end and

depart at the other, it will be necessary to turn at least one-half of

them before they are put into the house, and the same number again

after they go out, in order to save the use of two jacks per engine

stall throughout the house.

"(b) Either two turntables or 'Y' tracks, one at each end, will

have to be used or the locomotive will have to be run from end to

end outside to be turned before and after going to the house.

"(c) Loss of heat from doors in opposite ends of the house being

open at one time, will be very great.

"(d) There is no space for work benches, or for storing parts of

engines temporarily, without blocking the running space for other loco-

motives.

"(e) Locomotives cannot be required to arrive at one end and

depart at the other without cutting down materially the capacity of the

house by keeping several of the tracks open.

"(f) If crossover clearances are maintained, and tracks are kept

open for running, there will be a large amount of space in the house

per effective stall, consequently the cost of heating and of lighting

will be comparatively large.

"Transfer Table Houses.—This house consists of a series of paral-

lel engine pits, usually running crosswise of the house, the locomotives

being handled to and from them by means of a transfer table, located

either inside or outside of the building, depending on the conditions

and the requirements.

"Advantages :

"(a) The capacity of the house can be readily increased by exten-
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sions and additions of other transfer tables on the same depressed

tracks.

"(b) Cranes can be used to advantage in this form of a rectangular

house if necessar}'.

"(c) This design is favorable for use in connection with a machine

shop or an erection shop, where the transfer table or tables can be

used in common for both.

"(d) When the transfer table is covered, heat may be saved. One

door, however, will have to be opened many time? instead of each of

many doors occasionally. There will, in this case, be an economy in

the smaller number of doors needed.

"(e) Adaptability for some special locations.

"Disadvantages :

"(a) On account of the necessity for the use of a turntable as

well as a transfer table, the cost of operation and of maintenance will

be high ; the turntable will have to be used for about one-half the

engines when coming in as well as when going out.

"(b) The increased time for handling locomotive when the turn-

table work is included.

"(c) The arrangement of parallel tracks in an engine house does

not give the best disposition of the floor space, for when the spacing

is made to suit the requirements around the engine end there will be

room to spare at the tender end."

The President:—If there are no objections to the arguments for'

and against the various types of houses, they will stand approved.

The Secretary :

—

"Conclusion. Your Committee therefore has made

the following conclusions, and recommends as general principles of prac-

tice that

—

"The circular form of an engine house is. in general, the preferable

design, with possibly the following exceptions

:

"(a) At branch terminals, or similar points, where not more than

three or four locomotives are housed at one time, and where it is

more economical to provide a 'Y' track than a turntable, or where it

is not necessary to turn the locomotives, a through rectangular house.

with switches at one end only, may be desirable; or

"(b) At shops where a transfer table is used and an engine house

is to be added, and at special locations, the transfer table house may be

desirable."

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—I move that the

conclusions be adopted.

(The motion was carried.)

The Secretary:
—"Smoke Jacks—Various Designs and Material,

Life, Cost and Recommended Practice. The design and construction

of jacks are at the present time in a state of rapid transition from the

small diameter, adjustable cast-iron form to a fixed jack of large size,

with a large size flue and a damper, made of various materials. These
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large jacks were at first made of wood, but are now being made more

and more of cast-iron, asbestos board and other non-corrosive and non-

combustible materials, as fast as the manufacturers are able to adjust

the construction to the new designs. 'J"hc arguments in favor of the

large fixed jacks are evident, some of which are

:

"The modern large locomotive requires larger jacks to take care

of the smoke, particularly from green fires.

"The necessity for quick service in the roundhouse makes the fre-

quent adjustment of the location of the locomotive desirable to facilitate

inspection and repairs. These movements frequently result in the sep-

aration of the stack from the jack. This difficulty is overcome by the

use of the large jack.

"A saving in labor is secured, as there is no work to be done in

adjusting the jacks to the stacks each time a locomotive enters the

house. This saving, and the general better atmospheric conditions pre-

vailing, offset the loss of the increased draught caused by the small

jacks acting as extensions of the stacks.

"The life of the jacks is determined by the kind of material .used,

and there are no reasons why the same material cannot be used in

the large as has been used in the small jacks. The cost will increase

with the size, but the advantages in favor of the larger sizes are so

great that the cost should not be a determining factor.

"Cast-iron jacks with bottom openings 35^ to 4 ft. wide and from

10 to 12 or more ft. long, tapering gradually upward to a flue of a

reasonable length, and 3^ to 4 ft. in diameter, with a damper, will

cost from $175.00 to $225.00 each, erected.

"Conclusion.—Your Committee, therefore, has made the following'

conclusions, and recommends as general principles of practice that

—

"The engine house smoke jack should be fixed, the bottom opening

should be not less than forty-two (42) in. wide, and long enough to

receive the smoke from the stack at its limiting positions, due to the

adjustment of the driving wheels to bring the side rods in proper

position for repairs. The bottom of the jack should be as low as

the engines served will allow, and it should be furnished with a drip

trough, the slope upward should be gradual to the flue, the size of

the flue for the largest locomotives should be not less than forty-two

(42) in. in diameter ; a damper shall be provided in the flue—equally

adjusted from the floor. And the material used should be non-com-

bustible and non-corrosive."

The President :—You have heard the conclusion of the Committee.

Do you desire to take any formal action?

Mr. W. B. Storey, Jr. C Atchison, Topeka & Santa Fe) :—I will call

attention to the fact that the recommendations call for the bottom

openings to be 42 in. in size, and that the size of the flue is also to be

42 in., and yet it speaks of tapering vip.

Mr. A. R. Raymer (Pittsburg & Lake Erie) :—The tapering is
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gradual upwards. That point is mentioned for the reason that if the

tapering be not made gradual when there is a forced draft, the smoke
rebounds from the flat tapering ends, if such were used. Therefore

it is desirable to have the taper at quite a steep pitch, gradually up

to the flue.

Mr. Storey :—The point I wish to call attention to is that the

statement calls for 42 in. at the bottom of the opening ; also that the

size of the flue be 42 in. ilierefore 1 do not understand how there

can be any tapering.

Mr. L. C. Fritch (Illinois Central):—We have been experimenting

with the jack question for some time, and our latest development is

to use a cast-iron jack on top of the roof and asbestos or transite

boards for a hood at the bottom. Iniilt practically on the lines of this

recommendation, ihat reduces the weight, and we hope it will give

us more satisfaction than any jack we have used up to this time. 1

think that a jack made entirely of cast-iron of these dimensions would

be extremely heavy, and I think some lighter material than cast-iron

should be used for the lower part of the jack.

Mr. Raymer:— I wish to call Mr. Fritch's attention to the last

sentence of the conclusion: "The material used should be non-com-

bustible and non-corrosive." We have taken into account the proper

use of asbestos board, such as you have mentioned. We do not recom-

mend the use of cast-iron.

Mr. L. C. Fritch :— I did not wish to criticise the Committee's

report, but simply to give information to the .\ssociation.

Mr. A. L. Buck (Canadian Pacific):—The Committee does not

recommend or specify the height to which the jack should extend above

the roof of the roundhouse.

Mr. Raymer : Your Committee has considered that, but has con]je

to the conclusion that that will depend almost entirely on the construc-

tion of the house. In the large jacks the extension feature which

causes an increased draft by the use of the jack is lost, so that the

object of the large jack is simply to carry the smoke through the

roof and the length of the jack is, therefore, determined by the con-

.struction of the building. It usually extends four or five feet above

the roof.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—

I

know of a roundhouse with smokestacks at every stall, sixty feet high.

I think it is impossible to determine the height above the roof. It

depends on local conditions.

Mr. Buck :—I think if the Committee has decided it is impossible

to make a recommendation in connection with the general conditions,

that ought to be embodied.

Mr. Raymer:—That point is covered in the third paragraph from

the bottom on page 15. The full comprehension of that sentence simply

means that the large jacks do not help the draft of the fire. They
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merely carry the smoke through the roof, so that the length of the

jack is not an essential feature other than having it long enough to

carry the smoke through the roof.

Mr. Buck :—If it is a fact that the Committee have found that

the length of the jack which they recommend is not essential to create

a draft, that the jack need only to extend through the roof, then it

seems as if it should be embodied in their recommendations, as the

practice is largely to build high jacks, and this length is an important

factor in the cost of the jacks.

Mr. L. C. Fritch :—This smokejack question is a very live one, and

I think that all the information we can get on it is of ralue. I would

like for information to ask the Committee what they would recommend

as to the location of the dampers. They say in the flue. Should that

be in the body of the flue, or on the sides of the flue ? We have lately

gone into the practice of taking out the dampers, using an adjustable

feature, and we think the less adjustable parts you have in a smoke-

jack the letter.

Mr. Raymer :—The province of the damper is to prevent the loss

01 the heat in cold weather. The dampers that we have investigated

are hung a little off the center—that is, the supporting bar across the

flue opening is off to the center—so that the damper will only open

when left to itself, and requires a pull on a rope or a cable to close it.

Normally, a damper remains open during mild weather; such jacks

as are not in use have their dampers closed. We have discovered it

takes about three times as much heat to heat a roundhouse where these

large jacks are used, and where there are no dampers furnished, and

we have found it desirable to furnish the dampers and put them in place

from the point of economy in heating. The dampers are located as

low as possible in the flue, above the tapered portion of the jack.

The President :—If there is no further discussion on conclusion

No. 2, it will be accepted as approved.

The Secretary:
—"Roundhouse Doors—Description and Recom-

mended Practice.—The various designs of roundhouse doors will include

the following: Swinging, Rolling. Folding, Lifting and Sliding.

"(a) Swinging Doors.—Have the advantage of being: Compara-
tively cheap for first cost. Glass can be used in them. Small doors

can be built in the larger ones.

"They are, however, exposed to the wind, and liable to be blown

against a locomotive and damaged. If struck, they are liable to serious

damage.

"(b) Rolling Doors.—Are now made of wood slats or of metal :

they cost about sixty cents per square foot erected. Small doors or

glass are not placed in the large doors. They are not . exposed to

damage by wind. If struck, the damaged slats are easily repaired. They

fit snugly along the sides and at the bottom.

"(c) Folding Doors.—Are made of wood. Glass and small door.i
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can be used in them. They are not exposed to damage by wind. If

struck, they are liable to be seriously damaged.

"(d) Lifting Doors.—Are made of wood. Glass and small doors

can be used in them. They are not exposed to damage liy wind. If

struck, they are liable to be seriously damaged.

"(e) Sliding Doors.—Do not fit tightly; the hangers rust and fail.

Glass and small doors can be used in the large ones. One-half of the

doors are necessarily closed all the time. They are not exposed to

damage by wind. If struck, they are liable to serious damage.

"The tendency to depart from the use of the sw'inging door, and
the introduction of the various kinds of wooden doors of other designs

being of such recent date, your Committee has not been able to find a

door that has all the virtues and none of the faults of the other doors.

"Conclusion.—Your Committee, therefore, has made the following

conclusions, and recommends as general principles of practice that

—

"Roundhouse doors should be made of non-corrosive material ; they

should be easily operated, fit snugly, be easily repaired and maintained,

and should not be exposed to damage by wind, directly or indirectly,

and should admit of the use of small doors.

"The particular kind of door that will suit a given case can be

determined only by giving the proper value to the different factors

enumerated above."

The President :•—If there is no objection, item No. 3 and the

conclusion will be considered as being approved. Before relieving the

Committee they desire suggestions for work for the coming year.

^Ir. J. W. Schaub (Consulting Engineer) :—I would like to make
a recommendation *to the Committee, and that is with reference to the

rectangular roundhouse. We have changed that to read "engine house"

in every case on our plans, and I think it ought to be adopted by this

Committee.

Mr. Wendt :^I would like to offer a motion that the entire report

of this Committee, as now presented, be published in the ^lanual of

Recommended Practice.

(The motion was carried.)

Prof. W. D. Pence (Purdue University) :—I do not see that the

Committee treats of the gradient of the track toward turntable in the cir-

cular roundhouse. I should like to ask the Committee what is the practice

in that connection. Formerly, with roundhouses having shorter tracks

from the turntable outward, it was customary to provide a grade by

which engines could be gotten out in case of fire.

Mr. Raymcr :—The point raised by Prof. Pence has not been dis-

cussed by the Committee. Speaking personally, from my observation

and experience, the tracks are usually built with a level grade.

The President :—If there are no further suggestions, the Com-

mittee will be relieved with the thanks of the Association.
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Mr. Duncan MacPherson (National Trancontinental Railway—by

letter) :—In item "J," giving the advantages of circular engine sheds,

the Committee says that the cubical capacity per stall is comparatively

small and therefore heating economical, but in item "K" it tacitly admits

the loss of heat from open doors may necessitate roofing over the turn-

table. This roofing over is very expensive and increases the cubical

capacity per stall beyond the rectangular shed, and makes a most diffi-

cult building to ventilate. The writer had charge of the roofing of a

turntable in this way last y^'dv, and after it was done the men in the

roundhouse were nearly smothered with gas. All sorts of expedients

had to be resorted to to get better ventilation, but with indifferent suc-

cess. In giving the disadvantages of circular design the Committee

surely forgot to say anything about the excessive time required to

empty a shed in case of fire, the probable confusion that could ensue,

with the usual result of loss of several valuable engines. In the effort

to counteract these disadvantages the excessively expensive so-called

fireproof sheds have been designed.

Referring to disadvantages which the Committee claims for the

through rectangular house, item "A." Suppose, say as an extreme case,

that it is necessary to turn all the engines once for a rectangular shed,

you practically have to turn them all tivicc, or both coming in and going

out, for a circular shed.

(B) Only one "Y" track or turntable is necessary, and engines

can run through house on longest diagonal track at all times.

(C) It is not necessary to have doors open at both ends of shed

at once, except when two engines are going out or coming in at same

time.

(D) Work benches may be put down both side walls and between

tracks if necessary.

(E) It is not at all necessary for engines to arrive at one end

of shed and depart at the other, which can easily be seen by a study

of diagram on page 688 of Proceedings of 1905.

(F) Cost of heating is not so great as with turntable roofed in

for circular shed, and ventilation is muci. easier.



REPORT OF COAmiTTEE NO. V.—ON TRACK.

To the Members of the American Railway Engineering and Maintenance

of Way Association:

The Committee on Track begs leave to present its annual report

as follows

:

The general requirements for a standard joint is submitted without

change. We did not wish to be specific or undertake to indicate in

what particulars the joint should be improved. We think we can all

agree on the essential requirements, but differ widely on how best to

obtain them. Some members of the Committee believe that with the

present pattern of rails a plain heavy angle bar of moderate length

used as supported joint will give the best results. We believe that

when the idea of anchoring the rail to prevent creeping is divorced

from the splice, better results will be obtained.

Two members of the Track Committee met with the Tie Committee

in joint session and discussed the subject of spacing and size of ties, as

directed by the Board. (For conclusions see Tie Committee report.)

Three members of the Track Committee attended a meeting of the

Ballasting Committee October 31, and the result was an agreement on

ballast cross-sections that we believe will be very satisfactory. (See

Ballasting Committee report.)

At a joint meeting of the Track and Rail Committees in Chicago,

August 23, two members of the Rail Committee being present, it was

decided that "while the A. S. C. E. section is in the main satisfactory,

an improvement upon it might be made by increasing the proportion

of metal in the base and reducing that in the head." This conclusion

was reached because of frequent breakages starting in the base, and

with the heavy sections it was thought the quality of the metal in the

head might be improved by slight reduction in depth of head.

This Committee believes that under certain conditions widening the

gage on curves is. a necessity, not only for safety but for economy, and

we recommend the appointment of a committee to confer with a

committee of the American Railway Master Mechanics' Association for

joint report on necessity and amount to be widened for wheel bases

varying by one foot, and curves varying by one degree, and the formula

used determining same, to the end that uniformity of practice may be

secured.

641
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It is becoming customary to flange all wheels and the wheel bases

are being lengthened. Not all roads are fortunate in having light

curvature, consequently it frequently happens that with track spiked to

standard gage, the flanges impinge against the inner rail of curves, to

the detriment of track and engine power. With a given wheel base and

wheel gage, one may readily figure what widening the ordinate requires,

but it is not always known what variation in wheel gage is allowed nor

how much lateral play in the frame. If there is any uniformity fol-

lowed by locomotive builders in these respects, it should be generally

known; if there is none, it should be urged.

In reference to the matter heretofore presented, this Committee

urges action en that portion not approved by the Association, viz.

:

"Maintenance of Gage and Inspection of Track." We beg leave to

amend the latter by striking out the second paragraph, namely, "Track-

walker shall be sent over that portion of track not covered by section

men," as being superfluous, being covered by preceding paragraph ; also

in third paragraph strike out "washouts" for same reason. In the fifth

paragraph add "telegraph line."

We would like to see a full discussion of standard drilling for

rails, feeling that the matter has been passed hastil}^ more for want of

time and opportunity to thoroughly consider it than from a feeling that

it is not of sufficient importance.

A highly-esteemed ex-member of this Committee has requested a

reconsideration of the formula for elevation of curves on the theory

that the centrifugal force of train drawn by a locomotive is not analogous

to that of a body moving freely in space. He suggests the method of

using the middle ordinate of a chord, whose length equals the speed in

feet per second of the fastest passenger train. This gives approxi-

mately 20 per cent, less elevation than the formula recommended. The

Committee cannot agree with the gentleman for the reason that with

the exceedingly high speeds attained the tendency is toward too little

elevation instead of too much.

A letter from Mr. H. M. Sternbergh, Vice-President and General

Manager of the American Iron & Steel Manufacturing Company, Read-

ing, Pa., calls attention to the fact that with cold-rolled thread the

diameter over the thread is a trifle more than I'e-in. larger than the

body of the bolt; in other words, with bolts called i-in., the diameter

over thread would be slightly more than iiV-in., and suggests that

the punching of the round holes in angle bars be --I'V-in. larger than
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the diameter of bolt. The Committee distinctly had that fact in mind

and the recommendation was that diameter of round hole in splices be

iVin. larger than diameter of bolt o-'cr tlic thread, and we assume

that this will be borne in mind when orders are placed.

*EASEMENT CURVES.

The easement curve recommended is similar to all the transition

curves that have been suggested, which are essentially the Froude

curve, or cubic parabola. It is reasonably simple to compute and lay

out, and is entirely flexible, in that practically any reasonable length of

spiral may be used to connect any tangent and curve, or any two

adjacent brandies of a compound curve.

The spiral is introduced for the purpose of securing gradual change

of direction in passing from tangent to curve, or vice versa, and more

particularly to secure thereby a uniformly increasing superelevation of

the outer rail, which shall be, correct at all points. This resylt is desired

for a twofold purpose

:

(i) To avoid shock to track and rolling stock;

(2) The comfort of passengers.

The conditions of train movement assumed in determining the rate

of transition and consequent length of spiral by no means constantly

obtain ; frequently the length of the spiral will be determined by the

practicable track movement.

So far as the comfort of the passenger is concerned, it is unaffected

by reasonable changes in the rate of acquiring the elevation of the

outer rail, and it is considered that about i in 600 will in general give a

sufficiently easy transition ; that is to say, the length of the spiral should

be 600 times the elevation of the outer rail. But any other rate less

than this may be assumed, and a rate three or more times as great

may be used without serious discomfort of passenger or danger to

track or rolling stock. When it is the practicable shifting of track or

length of tangent that governs, the rate of transition will be determined

accordingly.

In Fig. I FSK is the spiral connecting the tangent FV with the

simple curve KU of degree D. The radius of the spiral at F is

infinite, the degree o. The radius and degree of the spiral at K are

•The Committee is indebted to Mr. William G. Raymond, dean of the
School of Applied Science, State University of Iowa, for assistance in pre-
paring the Easement Curve portion of the report.
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Fig. I.
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those of the simple curve D. The change in degree being uniform from

D
F to K, the average degree is — and the amount of central angle, A,

2

D
required by the spiral, is therefore — multiplied by the length FK in

2

LD
stations; or if L be the length in feet of the entire spiral, A =

200

In minutes A = 0.3LD. If d be the degree at any distance 1 from F,

1 d
and S the central angle required for the same length, then 8 = X —

•

100 2

1

But since the change in degree is uniform from F to K. d"— X D,

L

and hence, by substitution, 8 = , or, the central angle varies as the

200L

square of the length of the spiral.

A theoretical discussion of the curve shows that the deflection angle

KFJ = G always equals one-third the central angle of the spiral. Sim-

ilarly, the deflection angle $ at K from the chord FK to the common

tangent JK is two-thirds A\, and the values of the deflection angles

for any length of spiral 1 are respectively one-third 8 and two-thirds 8-

The error in the foregoing statement of the values of $ may be as

much as one-tenth of a minute when A = 10°, four-tenths of a minute

when A = 20°, a high limit, and one and four-tenths minutes when

A = 30°, probably never reached.

If the central curve UK be produced till it would end at A in a

tangent parallel to FV, the offset AB = O, bisects the spiral and is

itself bisected by the spiral, and for locating the curve by offsets it is

practically true that the length KA = KS = FS = FB. For a spiral 300

ft. long connecting a tangent and a ten-degree curve the above is true

within three-quarters of an inch. In the method of handling the curve

by offsets hereinafter described, the assumption that it is exactly true

will involve no irregularity in alinement, the most serious result being

that the spiral will be about one and one-half inches longer than computed.

For a spiral 150 ft. long connecting a tangent and a ten-degree curve, the

error will be about one-tenth-inch. A table of corrections is given for

use when necessary. The relation between O and L is, =
.

24R
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The theory of the curve shows that the offsets from the tangent

to the spiral at distances 1 along the spiral are proportional to the

1'

cubes of those distances and are equal to .

6RL

The offsets between curve KA and spiral KS at various points along

the spiral measured from K are the same as the offsets from the

tangent FB to the spiral FS measured at corresponding distances along

the spiral FS from F.

Since the central angle is proportional to the square of the length

of the spiral considered, and since the deflection angle, from tangent to

spiral, is always one-third of the central angle, the tangent deflection

angle varies also as the square of the length of the spiral.

The foregoing are all the theoretical considerations necessary to,

the use of the spiral in connecting tangents and simple curves. The

method of use is as follows

:

(A) New Location.— (i) Selecting the Spiral: In rough coun-

try the proper spiral will ordinarily be selected through the value of

O, which is determined by fitting the main curve to the ground, the

O's at the two ends of the curve not being necessarily equal. When O
V

has been determined within practical limits, L is found from =
.

24R

If the topography is such that the position of the curve is not fixed, the

spiral may be determined by the desirable rate of transition, and for

this a length of 600 times the elevation of the outer rail is suggested.

A lesser rate may be used for small degree curves, and a higher rate

will usually be required for a curve sharper than 10 degrees.

The theoretical length of spirals for one-degree curve, various speeds,

and si-x rates of elevating, are given in Table i. For central curves

of any other than one degree, multiply the tabular quantities by the

degree. It will be unnecessary to adopt the precise length thus found.

The nearest round number of 25's, 30's or other unit lengths may be

assumed. Thus for fifty miles an hour, with a rate of i in 600, a six-

degree curve requires by the table a spiral 514.8 ft. long; 500 ft. would

practically meet the requirement.

By selecting one of the spirals given in Table 2 some computation

may be saved.

(2) Location of the Spiral.— (a) By Offsets: If I be the inter-

section angle of the tangents for the whole curve, the tangent distance

VF for the spiral curve may be assumed tQ be VP (the tangent distance
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for an imspiraled curve of degree D), plus PB, (O tan. Y2 I), plus

BF, (HL). Run the tangent to B; offset O to A; run in the simple

curve for the full central angle I ; offset O to the following tangent,

which may then be produced to the next curve. This will usually be all

that is needed at the time of location, though if the ground is very irreg-

ular and the offset AB considerable, the levels may require the establish-

ment of points on the spiral. At the time of staking out the work these

points should be determined as follows

:

Point S established midway between A and B. Quarter points of

the spiral may be determined by offsetting from the middle of the

tangent length FB and the curve length KA, distances equal to one-

sixteenth of O. If other points, as station points, are wanted on spiral,

the offsets from tangent to spiral or curve to spiral may be determined

if it be remembered that BS is one-half O and that offsets are propor-

tional to the cube of the distances from F or K, respectively. If one of the

spirals of Table 2 is assumed, the offsets may be determined by multi-

plying the tabular quantities of that table by the degree of the central

curve.

(b) By Deflection Angles : To find the point of tangency subtract

from the tangent distance found under (a) a correction, c = L'^i280R",

or found from Table 3. Select an aliquot part of the spiral length for a

chord and deflect from the tangent at the point F, angles proportional to

the squares of the distances measured along the curve, thus : If the

chord selected is contained n times in the curve, the first deflection angle

1 1

will be — X — A, the second will be four times the first, the third

n' 3
1

nine times the first, and so on, the final deflection angle to K being —

A

3

Move the transit to K, and from the chord KF deflect an angle equal to

2

— A to the tangent at K, from which point run in the simple curve for

3

a central angle equal to I diminished by the central angles of the two

spirals. From the tangent at the end of the simple curve deflect to the

chord points on the spiral angles found by subtracting from the deflec-

tion angles for equal chord lengths of the simple curve the deflec-

tion angles already found for corresponding lengths of the spiral meas-

ured from F. If one of the spirals given in Table 4 be used, the
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deflection angles of that table will save some computation. The tabular

value should be multiplied by the degree of the central curve.

If a particular station is to be located on the spiral, falling at some

plus distance, the deflection to this station may be found if it is remem-

bered that the deflection for the full curve is one-third the central

angle, and that deflections are as the squares of the lengths. Since the

central angle in minutes is three-tenths LD the deflecting angle is ,'„ LD.

Example: It is desired to locate a 4° 30' curve with a spiral. The

P.I. is at station 372 -j- 64 ; intersection angle 42° 45', and speed for

which track is elevated is 50 miles per hour. Adopting eJo as the rate

for elevating Table i gives fpr the length of the spiral L = 85.8X4/^ =
386.1 ft., adopt 400 ft.

LOCATION BY OFFSET.

Tangent distance for 4° 30' curve I = 42° 45' = 498.46

From Table 2 O for L = 400 = 1. 163 X 4>^ = 5234', O tan. ;< 1= 2.01

From Table 2 A=2°X4^ = 9°- /^ L =200.00

Z72 -f- 64 700.47' = 36s -f- 63.53 P.S.

2 + 00.00

Offset point

End of spiral

367 + 63.53

2 + 00.00

369 + 63.53

5 + 50.00

700.47

Length of 4° 30' curve for 42°

45' = 9V2 stations.

Length deducted for 2 spirals =
4 stations.

Central 4° 30' curve 5^2 stations.

At station 367 + 63.53 ofifset

5 234' and run in 4° 30' curve for

42° 45' setting sta. 369 -f- 63.53, 375

+ 13.53. and the end of the curve

sta. 2n'7 +13.53. at which offset

5.234' and proceed with the tan-

gent setting sta. 379 + 13.53 for

the end of the spiral. In running

in the curve, stakes should be set

on the portion to be spiraled as

frequently as spiral points are

wanted, in this example say each fifty feet, these stakes in addition

to be regular station stakes.

To locate points on the spiral, bisect the ofifset O for the middle

point, and at successive 50-ft. points from the point of spiral and end

End central curve 375 + 13.53

2 + 00.00

Point of offset

End of spiral

zii + 1353

2 + 00.00

379 + 13-53
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of spiral, respectively, to the middle offset from the tangent and curve

point, respectively, the distance taken from Table 2

:

0.009 X 4/^ = 0.04

0.073 X 4^ = 0.33

0.245 X 4/-^ = 1.102

'J'he full stations may l)e set over by eye or omitted altogether. For

track centers they will be set over by offset, computed by remembering

that the offset for the half spiral is one-half O and that others are propor-

tional to the cubes of the length, or they may again be omitted.

LOCATION BY DEFLECTION ANGLES.

The same computation as before for point of spiral except that

the station of P.S. is greater by the correction found from Table 3.

0.001523 X 4-5" = 0.03,

365 + 63.56

4 + 00.00

bringing the point of spiral at station

length of spiral

Deflection computed from Table 4

for 50-ft. points are with the

stations corresponding.

End of spiral 369 + 63.56

^ End of spiral = 369 + 63.5?!

Central curve

> Beginning of 2d spiral

5 + 50.00

375 + 13-36

4 + oo.co

Angle. Sta.

0.625' X 4^ = 0° 03' 366 -f 13.56

2.5' X 4H = 0° 1
1'

366 + 63.56

5.625' X 4K2 = 0° 25' 367 + 13.56

10.000' X 4H == 0° 45' 367 + 63.56

15.625' X4>^ = i° 10' 368+13.56
22.5' X 4^ = 1° 41' 368 + 63.56

30.625' X 4^ = 2° 18' 369 + 13.56

40.0' X 4^ = 3° 00' 369 + 63.56

P-T. 379 -!- 13.56

At sta. 369 -f 63.56, with back sight

on P.S., turn 6° 00' to the tangent

and run in the simple curve to sta.

375 + 13-56, where set the transit

and from the tangent deflect angles

to 50-ft. point on the spiral found

by subtracting the angles already

found from the deflection for the

corresponding distance on the simple curve ; the final deflection should

be 6° 00' to the P.T. At the P.T. deflect from the long chord of the

spiral 3° 00' to the tangent. If it is necessary to set on one of the

chord points of the spiral, find the degree d of the spiral at that point,

knowing its degree is proportional to the length and from the tangent

to the spiral at the point occupied, deflect angles to point on the spiral

toward the central curve found by adding to the deflection angles for
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corresponding distance of the simple curve d the tangent deflection

angles found for corresponding chord lengths from the P.S. and toward

the point of spiral found by subtracting instead of adding these same

angles.

(B) The Adjustment of Existing Track: The spiral may in

general be selected to fit the required rate of elevating, from which the

offset O may be deternn'ned. The simple curve should then be shifted

and run in with a slightly less radius to secure the offset O with the

least shifting of track. Referring to Fig. 2, if the middle point of the

curve is retained, the radius to be used is found as follows :

E' = E— Osec. HI
E'

R' ^
ex sec. >2 I

E'

or D' =
E of I ° curve

The point of tangency is moved toward the vertex a distance

AA' = (R— R' — O) tan. V2 I

= T— (R' + O) tan. y.l

The greatest movement of track is now somewhat less than '; O at

the new tangent point. Practically it is

rAA'^ "-

Vi O —

—

8
D

J he spiral may be run in by deflection angles or offsets from tangent

and new curve.

To Connect the Iwo Branches of a Compound Curve : Consider

the difference of the two degrees as the degree of curve in the formula

for length and offset O already derived for a spiral between a tangent

and a curve
;
provide the necessary offset O between the two branches

at the point of common tangency and locate the spiral by offsets

precisely as in locating a spiral from a tangent to a simple curve ; the

spiral will lie inside the arc of greater radius and outside the arc of

smaller radius. If it is desired to locate by deflection angles, those

angles, measured at the points of spiral from various chord points on

the simple curves are tlie deflection angles that would be used for

the same length of spiral laid out from a tangent. The total central

angle consumed wjll ))c the average degree times the length in stations.
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Fig. 2.
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TABLE I.
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MAINTENANCE OF GAGE.

(a) Proper Method of Spiking:

(i) Tlie gage (tool) used shall he the standard gage recom-

mended.

(2) When track is intended to be spiked to standard gage the rail

shall be held against the gage with a bar while the spike is being driven,

*(3) Within proper limits a slight variation of the gage from stand-

ard is not seriously objectionable, provided the variation is uniform and

constant over long distances. Under ordinary conditions it is not neces-

sary to regage such track when the increase in gage has not amoimted

to more than three-eighths of an inch.

(4) All spikes shall be started vertically and square, and so driven

that face of spike shall come in. contact with base of rail; the spike

should never have to be straightened while being driven.

(5) Outside spikes of both rails shall be on the same side of the

tie, and the inside spikes on the opposite side of the tie. The inside and

outside spikes shall be separated as far apart as the face and character

of the tie will permit. The ordinary practice shall be to drive the spike

2^/2 in. from the outer edge of the tie. All old spike holes must be

plugged.

INSPECTION OF TRACK.

( 1 ) Except in case of roads of very light traffic, all main track

shall lie inspected each day by section gang or trackwalker.

(2) Trackwalker or patrol shall be sent out in case of storm, etc.,

and during the period when slides or falling stone, etc., are to be

expected.

(3) The trackwalker shall be provided with spike maul, spikes and

proper signals.

(4) His duties shall be to carefully inspect the track, roadway,

fences, gates, bridges, culverts and telegraph line, and in general guard

against all damage or danger to any railroad property.

(5) In case of trouble he will place torpedoes and other danger

signals a sufficient distance to protect trains, and will notify proper

officers from the nearest possible point.

(6) Supervisor or Roadmaster shall be required to go over the

whole of his district on foot or on handcar at least once e\'ery month,

making close inspection of all details.

*See amendment, page 656.
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CONCLUSIONS.

Your Committee recommend.s tlie adoption of the following con-

clusions :

(i) That a standard rail joint must fulfill the following general

requirements :

(a) It must connect the rails into a uniform continuous girder.

(b) It must he strong enough to resist deformation or taking per-

manent set.

(c) It must prevent deflection or vertical movement of the ends

of the rails and permit movement lengthwise for expansion.

(d) It should be as simple and of as few parts as possible to be

effective.

(e) Finally, its cost must not be prohibitive.

(2) That a committee be appointed to confer with a committee

of the American Railway Master Mechanics' Association for a joint

report on the necessity of widening the gage on curves, and the amount

to be widened for wheel bases varying by one foot and for curves vary-

ing by one degree, with the formula used in determining the same, to

the end that uniformity of practice may be secured.

(3) That the recommendations under Maintenance of Gage and

Inspection of Track be approved.

(4) That the Easement Curve formula submitted be approved as

being good practice.

Respectfully submitted,

Garrett Davis, District Engineer, Chicago, Rock Island & Pacific Railway,

Cedar Rapids, la., Chairman.

E. H. Lee, Chief Engineer, Chicago & Western Indiana Railroad, Chi-

cago, 111., Vicc-Chairman.

VVm. AsHTON, Chief Engineer, Oregon Short Line, Salt Lake City, Utah.

J. R. W. Davis, Engineer Maintenance of Way, Great Northern Railway,

St. Paul, Minn.

G. E. Drew, Civil Engineer, Los Angeles, Cal.

T. H. Hickey, Roadmaster, Michigan Central Railroad, St. Thomas, Ont.

D. MacPherson, Assistant Chief Engineer, Transcontinental Railway,

Ottaw-a, Canada.

F. L. Nicholson, Engineer Maintenance of Way, Norfolk & Southern

Railroad, Norfolk, Va.

O. D. Richards, Chief Engineer, Ann Arbor Railroad, Toledo, O.
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L. S. Rose, Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago

& St. Louis Railway, Mattoon, 111.

John C. Sesser, Engineer of Construction, Chicago, Burlington & Quincy

Railroad, Centralia, 111.

F. A. Smith, Editor Roadmaster and Foreman, Chicago, 111.

F. J. Stimson, Engineer Maintenance of Way, Grand Rapids & Indiana

Railway, Grand Rapids, Mich.

Commiitcc.

AMENDMENT.

Amend paragraph 3, Maintenance of Gage to read : "Under ordi-

nary conditions it is not necessary to regage track if the increase in

gage has not amounted to more than ihree-eighths-inch, provided such

increase is uniform."



DISCUSSION.

The President:—Mr. Garrett Davis, chairman of the Committee on

Track, will present the report of the Committee.

Mr. Garrett Davis (Chicago, Rock Island & Pacific) :—Gentlemen,

the report is before you. The only explanation I care to make now is

in reference to the easement formula. The Committee was requested to

recommend a formula. The formula presented is not very different

from a number of others that have been published. We do not claim it

has any new matter in it. The idea of the Committee was not to

recommend any particular curve to the exclusion of several others that

might be equally good.

The President :—The chairman of the Committee desires that the

conclusions be taken up in their order. The Secretary will read them.

The Secretary:
—

"(i) That a standard rail joint must fulfill the fol-

lowing general requirements

:

"(a) . It must connect the rails into a uniform continuous girder.

"(b) It must be strong enough to resist deformation or taking per-

manent set.

"(c) It must prevent deflection or vertical movement of the ends

of the rails and permit movement lengthwise for expansion.

"(d) It should he as simple and of as few parts as possible to be

effective.

"(e) Finally, its cost nmst not be prohibitive."

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—I move the adop-

tion of the conclusion.

Mr. A. L. Buck (Canadian Pacific) :—In regard to clause (b), does

that mean strong enough to resist cutting by abrasion? Many angle-bars

are made too soft and are ruined by abrasion and by binding. We have

in use a high carbon bar that is giving excellent results. I mention this

as many might think that a high carbon bar would be liable to break.

Mr. Davis :— T take it that there will not be much abrasion if there

is no movement, and if the joints are kept tight there is not much

movement.

The President :—Are you ready for the question on the adoption

of the conclusions ?

Mr. Wendt :—My understanding is that the motion merely includes

conclusion No. i. Is that correct?

The President:—The chair did not so understand it. Was that

your intention?

Mr. Wendt:—Yes.
(The motion was carried.)
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The Secretary:
—

"(2) That a committee be appointed to confer with

a committee of the American Railway Master Mechanics' Association

for a Joint report on the necessity of widening the gage on curves, and

the amount to Ije widened for wheel bases varying by one foot and for

curves varying 1)y one degree, with the formula used in determining the

same, to the end that uniformity of practice may be secured."

Mr. Wendt:—I do not mean to say that I am not in favor of that

conclusion, but it seems to involve another special committee. Is that

desirable, or could the Committee on Track act as such committee?

The President :—It could be a sub-committee formed from the Track

Committee.

Mr. Geo. W. Kittredge (Cleveland, Cincinnati, Chicago & St.

Louis) :—The question brought up in that conclusion is of considerable

importance. The question has been up between the mechanical and engi-

neering departments of the system of roads with which I am connected,

and it is one which deserves the careful consideration of this Association.

It is entirely within the province of the Board of Direction to say

whether a sub-committee shall be appointed, or whether that question

shall be discussed by- this Committee. I would like to urge as a part

of the work of the proposed committee this question of widening the

gage on curves.

Mr. Wendt :— I am in favor of this conclusion. I think, however,

that we have enough committees. I think the Board of Direction should

appoint this committee, and if any persons are appointed on the com-

mittee outside of the membership of the Track Committee, that they

be considered a part of the general committee.

The President :—The tenor of Mr. Wendt's motion is that the Board

of Direction appoint this sub-committee ; that it preferably be taken

from the Track Committee ; but if in their opinion a portion of the

membership be taken outside of the Track Committee, that those addi-

tional members be considered a part of the Committee on Track.

Mr. C. H. Ewing (Philadelphia & Reading) :—I would amend that

motion and have this same committee include in their report the matter

of all flanged drivers, as to their action on track, and as to the necessity

for motive power people to space the middle drivers farther apart than

the two end drivers. I think they should go into this whole subject

and make a report to this Association.

Mr. Kittredge:—The question Inought up by Mr. Ewing was the

one I had in mind. We have recently received some new engines, and

all of the driving wheels have flanges on them. We have had more

or less trouble with them on curves that are sharper than six degrees.

The leads of some of our shorter turnouts have been affected, and the

leads back of the frogs have been so spread by the passage of these

engines over them that cars following have been derailed. The ques-

tion is important, not only from the standpoint of maintenance but

from the mechanical standpoirt. I recently saw a report from our
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mechanical department, saying that one of the wheels had been loosened

on accoimt of the tightness of the gage of our track, laying the fault

entirely on the track. The ties were new and happened to be made of

oak and securely spiked, and something had to give.

(The motion, as amended, was carried.)

The President:—The action now reverts to conclusion No. 2. If

there is no objection, the conclusion will stand as amended.

The Secretary:
—

"(3) That the recommendations under Maintenance

of Gage and Inspection of Track be approved.

"Maintenance of Gage.— (a) Proper Method of Spiking: (i)

The gage (tool) used shall be the standard gage recommended.

"(2) When track is intended to be spiked to standard gage the rail

shall be held against the gage with a bar while the spike is being driven.

"(3) Within proper limits a slight variation of the gage from stand-

ard is not seriously objectionable, provided the variation is uniform and

constant over long distances. Under ordinary conditions it is not neces-

sary to regage such track when the increase in gage has not amounted

to more than three-eighths of an inch.

"(4) All spikes shall be started vertically and square, and so driven

that face of spike shall come in contact with base of rail ; the spike

should never have to be straightened while being driven.

"(5) Outside spikes of both rails shall be on the same side of the

tie, and the inside spikes on the opposite side of the tie. The inside and

outside spikes shall be separated as far apart as the face and character

of the tie will permit. The ordinary practice shall be to drive the spike

2;^ in. from the outer edge of the tie. All old spike holes must be

plugged.

"Inspection of Track.— (i) Except in case of roads of very light

traffic, all main track shall be inspected each day by section gang or

trackwalker.

"(2) Trackwalker or patrol shall be sent out in case of storm, etc.,

and during the period when slides or falling stone, etc., are to be

expected.

"(3) The trackwalker shall Ik- provided with spike maul, spikes and

proper signals.

"(4) His duties shall be to carefully inspect the track, roadway,

fences, gates, bridges, culverts and telegraph line, and in general guard

against all damage or danger to any railroad property.

"(5) In case of trouble he will place torpedoes and other danger

signals a sufficient distance to protect trains, and will notify proper

officers from the nearest possible point.

"(6) Supervisor or Roadmaster shall be required to go over the

whole of his district on foot or on handcar at least once every month,

making close inspection of all details."

Mr. Ewing :—We have always required the trackwalker to see that
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bolts are tight. I notice that nothing is said about the trackwalker

carrying a wrench. Is that purposely omitted?

Mr. Davis:—That was omitted because we did not want to load

him down with tools. He is to carry a spike maul so that he can spike

a broken rail if he finds one.

Mr. A. R. Raymer (Pittsburg & Lake Erie) :—Has the Committee

taken up this matter of duties of trackwalker with the Committee on

Uniform Rules?

Mr. Wendt :—The Connnittee on Uniform Rules presented to the

Association a series of rules defining the duties of Supervisor of Track.

Would it therefore not be proper to refer rule 6, under inspection of

track, to that committee? In addition to that it is quite probable that

the Committee on Uniform Rules will also formulate rules defining the

duties of section foremen.

The President:—Does the chair understand that you make that in

the form of a motion, that the rules governing the inspection of track

be referred to a joint conference?

Mr. Wendt :—I always think the committees are expert on these

things and I like to defer to their judgment.

Mr. Davis :—The Committee agrees with Mr. Wendt. If there is a

committee getting up a book of rules, there should not be any dissent.

We should defer to them, or they should accept these.

Mr. Ewing:—Before we adopt these rules I would like to make a

motion to include the wrench.

The President:—There is now a motion before the house. You

can amend it if you wish.

Mr. Ewing :—I would offer an amendment that '"wrench" be added

to the tools to be carried by the trackwalker.

Mr. Davis :—Before we come to any conclusion, I would like to

ask if the trackwalker is to be required to carry additional tools?

Mr. W. M. Camp (Railway and Engineering Review) :—-If he is

walking track at night he ought to have a lantern, and durmg a snow-

storm he ought to carry a broom to keep the switch points clear. I

think the rules should be flexible enough to permit the trackwalker to

arrange his kit to meet the different conditions which arise. In practice,

trackwalkers have an assortment of tools which they are supposed to

carry at various times, as requirements may determine. The tool most

used is a Avrench, to keep joint bolts tight. A spike maul is useful

when spread spikes arc found on curves, as then the rail can be tem-

porarily spiked to approximate gage, pending the arrival of the section

crew to put the track to proper gage, plug the holes where spikes art

pulled and put on rail braces, to make things secure. But it should not

be necessary to carry a hammer or maul every trip, since if the liability

of track to spread were that great the general condition of things

would be dangerous for the trackwalkers alone to guard. In almost

every case the spreading of spikes is a gradual process, and when the
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trackwalker observes that spreading has started, or that a tendency to

such is developing, he can carry a hammer and spikes on the next trip

to double-spike some of the tics and then notify the section foreman

of the matter.

As a rule, one tool at a time is all that a trackwalker should be

expected to carry, since it is too seldom that the need for any tool at

all is urgent. The object in requiring him to carry tools is that he

may employ himself while waiting for trains, and, generally, to do occa-

sional work which is of too trifling character to require the attention

of the section crew—such, for instance, as to tighten an occasional loose

nut at a joint, remove small quantities of mud or debris from ditches

(requiring the use of a shovel), nail on a loose fence wire or board,

"bleed" the water from the end of a tie after a rainstorm, etc. Theo-

retically, the trackwalker is supposed to do considerable work with tools,

but practically such is not the case. While he is within range of the

section foreman's vision he will engage himself briefly, in a perfunctory

manner, but for the most of the time he walks along keeping his eyes

open for defects in the track and casting side glances to note the condi-

tion of things between the right-of-way fences ; and these are his really

important duties. It helps appearances to have him carry a tool of

some kind, and indicates that he is equipped for some kind of work.

If he is overburdened with tools he will be obe3'ing the rule if he simply

carries them, and that is about all he will do. Under ordinary circum-

stances a night trackwalker should not be required to carry more than

his lantern and signals.

I\Jr. H. C. Griswold (Illinois Steel Company) :—I think it is a good

plan to have the trackwalker carry a tamping pick as well.

Mr. Ewing:—Under this rule, the only tools the trackwalker carries

are those that permit him to do certain work in case of a broken rail.

That happens perhaps once a month or once a year. At other times

the trackwalker is a mere figurehead. If he finds loose bolts on the

joints, he is powerless to do anything. We have all condemned track-

walkers for not keeping the bolts tight. It seems to me it would be a

great mistake to leave this off.

Mr. Camp :—I do not think the rules of any road will allow a

trackwalker to run over a broken rail without first being flagged and

then to proceed slowly until the break is passed. If a rail is broken

over a tie it might be of some service to spike the ends to hold the

alinement, if on a curve, but if the break occurs between ties a spike

maul is of no account. In any case the most efficient equipment for

making safe at a broken rail would be a track drill and a pair of splice

bars, but a trackwalker would not be supposed to carry any such

load as that. It is only idle to propose that a trackwalker can make
repairs of consequence in the case of a broken rail or equivalent dan-

gerous conditions of the track. In all such emergencies he is supposed

to stop and warn trains and call out the section crew. The carrying of
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tools is therefore a matter quite aside from his principal duties.

Mr. L. C. Fritch (Illinois Central) :—I would like to suggest that

we substitute for the words "spike maul and spikes" the words "necessary

tools" and let each railroad company regulate it for itself.

The President :—The question is on the amendment to the original

motion.

(The amendment was lost.)

Mr. Wendt :—It is my understanding, when these are referred to

the Committee on Uniform Rules, that that committee will bring them

in next year, and if they see fit to make modifications in accordance with

the discussion, they will have the privilege of doing so, and that we

are not now endeavoring to adopt these rules.

The President :—That is the way the chair understands it.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—

I

will vote in opposition to the proposed amendment on the ground that

the Committee on Uniform Rules will from time to time find rules

scattered through every committee report, from which they will select

those particularly referring to their duties. The Committee on Uniform

Rules should have nothing whatever to say in regard to tools the track-

walker should carry. It will be impossible for this Association to dif-

ferentiate between the different committees, where they merge into each

other. I think this conclusion ought to stand as it is.

The President :—The motion is on Mr. Wendt's suggestion that the

six rules coming under inspection of track be referred to the Committee

on Uniform Rules for joint conference with the Track Committee.

(The motion was lost.)

The President :—This leaves the rules before the convention for

action. 1 he motion was to refer this to another committee for joint

conference. Does the convention desire to take any action upon this

conclusion ?

Mr. G. B. Woodworth (Chicago, Milwaukee & St. Paul) :—I would

like to make an amendment to paragraph 3 and substitute one-quarter-

inch in place of three-eighths-inch as the limit of increase of gage. I

think thrce-eighths-inch too great.

Mr. A. S. Baldwin (Illinois Central) :—I think there is a decided

tendency in that paragraph 3 to minimize the importance of accurate

gaging, and I would consider a track three-eighths of an inch out of

gage as being in very bad gage. I believe there should be a standard

gage on every road by which all gages should be tested before being

sent out, and any such variation as three-eighths of an inch should be

considered quite a serious matter. I think if that rule were revised

by the omission of the first three lines, so as to make it read, "Under

ordinary conditions it is not necessary to regage track, when the increase

in gage does not amount to more than three-eighths." I would put it

"three-eighths-inch, provided the track is uniform."

Mr. Buck :—It has not been many years since there were two gages
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of track—one 4 ft. 83^2 in. and one 4 ft. and 9 in.—and in some instances

a single railway system employed both gages. It is my recollection that

at one time the Pennsylvania Lines East employed one of these gages,

while the Pennsylvania Lines West emploj^ed the other. The wheel

gages being built uniform, the rolling stock was used without any trouble

interchangeably over the entire country, so that the last speaker's remarks

would be hard to reconcile with such a variation in the gage. I think

the Committee's limit of three-eighths of an inch before requiring regag-

ing is about right, as this would apply in good practice only on curves

from rails becoming flange-worn. Good practice would rectify a gage

one-eighth of an inch wide if this width was the result of the track

forcing the spikes back or spreading.

Mr. L. C. Fritch :—I agree with Mr. Baldwin and Mr. Woodworth
that w^e should reach an accurate gage. I will answer the argument of

the gentleman who just spoke by saying that when two different gages

were in effect we had more trouble with broken flanges than we have

now with one gage, and many roads went to considerable expense to

change their gage from 4 ft. 9 in. to 4 ft. 8^2 in.

Mr. Baldwin :—I worked for a number of years with a company that

had a 4-ft. 9-in. gage and handled 4-ft. S^A-in. equipment, and so great

was the trouble from chipping of flanges and striking guard rails that

that gage was abandoned and that road went to 4 ft. 8;/j in. I know

that the Committee that has been appointed by the Master Car Builders'

thinks a difference of three-eighths-inch will be found to be a very

serious matter.

Mr. L. C. Fritch :—There is a question now up before the Master

Car Builders' Association of increasing the flange of the wheels one-

eighth-inch. The maintenance of way people are opposed to the increase

in the size of the flange, but I think the time will come when the

flanges will be increased nevertheless; and I think the proposed joint

committee would reach that question when they take up the other ques-

tions in regard to the widening of gage. If the size of the flange is

increased it will make more necessary this refinement of gage, and I

think we should reduce that to one-fourth instead of three-eighths of

an inch.

Mr. Ewing :—I think the condition that should govern us in this

matter is the distance that the guard rail is set from the running side

of the opposite rail. In revising our rules recently we have provided

that the distance from the running side of the guard rail to the running

side of the opposite rail is 4 ft. 6^ in., if the track is on a curve, and

three-eighths-inch around the curve. It does not make any dif-

ference if you maintain the 4 ft. 6^4 i"- distance, the throat between

the guard rail and the main rail should not be the governing feature hi

this matter. It is the fixed distance as mentioned which conforms to

the Master Car Builders' rules.

Mr. Robert Trimble (Pennsylvania Lines) :—I think Mr. Baldwin is
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correct in his remarks about accurate gaging. I do not think we should

pass any rule which would allow a great deal of variation in the gage.

On the Pennsylvania Lines West we have had both gages, and we are

in the transition stage. The probability is that we have a con.-iderable

mileage yet of 4 ft. 9 in., but as fast as we lay new rail, we are coming

to 4 ft. 8^ in.

Mr. Davis :—The Committee is not indifferent to this matter. I do

not think there is a gentleman present who will countenance the laying

of track three-eighths of an inch wide. What the Committee had in

mind was in curve wear or from the use of imperfect gage, which might

occur, it would not be considered unsafe to have one mile or one

hundred miles of track uniformly three-eighths-inch wide gage.

Mr. Baldwin:—The point I object to^is the tendency of this para-

graph to minimize the importance of accurate gaging. I move that the

article be revised by omitting the first three lines, making it read, "Under

ordinary conditions it is not necessary to regage track, if the increase

in gage has not amounted to more than three-eighths of an inch, provided

such increase is uniform."

(The motion was carried.)

The President:—If there is no further discussion on conclusion No. 3,

it will be considered adopted.

The Secretary:
—

"(4) That the Easement Curve formula submitted

be approved as being good practice."

Mr. G. H. Bremner (Chicago, Burlington & Quincy) :—I do not

exactly understand what this carries with it. There are several tables

here. They are not formulas, but are made from the formula. If this

carries with it the idea that these tables are good practice, I would

not want to agree to that, especially table i. If I understand the m.ean-

ing of the first column—the rate of elevating the outer rail—the minimum
rate of elevation in this table is one foot of raise in an elevation of 600

linear feet, and that is the lowest raise that is allowed. The old section

man's rule for putting in elevations on the approaches to curves was

half an inch in 30 ft. ; that is, one in 720, and we have practically been

following that on our road on our transition curves, and we find, on the

high-.speed track, that that does not give us enough room to get our trains

over the transition curves without feeling the jar of the raise. In a

mountainous country, or on slow-speed track, this would be all right, but

in a prairie country wliere we have high speed and small curvature, I

would strongly advocate longer transition curves.

Mr. Davis:—The Committee makes no objection to that. The table

can be extended. We thought i in 600 was approaching the maximum,
and probably would not be exceeded often.

The President:—Does the chair understand, Mr. Bremner, that your

remarks are in the nature of an objection to the adoption of the formula?

Mr. Bremner:—Not to the adoption of the formula, but if the adop-

tion of the formula carries with i% the adoption of these tables as good
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practice, I would object to that. Conclusion No. 4 approves it as good

practice. It seemingly carries with it that the tables are good practice.

I would want about three times as long curves as they have here.

Mr. Davis :—The tables can be extended.

Mr. Bremner:—As long as it is understood, I do not raise any

objection.

The President:—If there is no further objection, conclusion No. 4

will be accepted as approved.

Mr. C. D. Purdon (St. Louis & San Francisco—by letter) :—Referring

to the Manual of Recommended Practice, page 37, in regard to easement

of curves, provides that the length of the easement curve should be the

same distance in which the elevation is run out. This, of course, is

theoretically correct, but our experience is that it does not make smooth

riding track. Attached hereto is a lithograph of our rules for curve

elevation. This was adopted after experimenting for over two years in

putting up curves at the foot of steep hills until we got them to riding

as nearl}^ perfect as possible. It will be noticed that we elevate one inch

per degree of curve, with one additional inch to the curve. For instance,

a 4-degree curve would have a maximum elevation of 5 in., and this

extra inch is put in the track outside of the easement curve on two rail

lengths of the tangent. The fourth clause on page 39 also applies to this

point.

Page 39, under the heading of "Vertical Curves." The first paragraph

does not seem correct. The use of vertical curves to connect changes in

gradient are so obvious as to require no argument. It would seem that

the word "advantage" instead of "use" would be better.

Page 41, "Standard Drilling for Rails ." As the standard is for rails

only, and no recommendations are made for angle bars or for splices,

would it not be well to make the distances from the end of the rail to the

center of the first hole 2^ in. instead of 213 ? Each person then would

design his angle bars to suit his own ideas of the expansion required.

RULES FOR CURVE ELEVATIOX—FRISCO SYSTEM—MAIN LINE.

On main lines, curves will be elevated one inch per degree of curve

with a maximum elevation of 6 in.

When the curve is at, or near the bottom of a grade, where trains run

fast, add one inch elevation to each curve ; viz., elevate a 3-degree curve,

4 in., 4-degree curve, 5 in., etc. Maximum elevation in this case to be

7 in.

On main lines, ballasted, spiral easement curves will be used at ends

of all curves sharper than 2 degrees 30 min.

The spiral curve will be taken one-half from the original curve and will

be marked by a round stake opposite each end—a square one, being

set opposite the old P.C. or P.T. of original curve. When spirals are

used, the elevation should begin on the tangent, two rail lengths before

reaching the beginning of the spiral, and be one inch at the beginning
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of the spiral—then increase one inch in 30 ft. until the full elevation is

attained at the end of the spiral.

For instance ; a 5-degree curve should be elevated as shown on the

diagram.

fit

Diagram of easement for 5° curve—offset 0.8 ft.

Length " " A to B 75 ft.

B to C 75 ft.

At top of long grades, where speed is sensibly reduced, elevation to

be %-in. per degree of curve, maximum 5 in. On Dixon, Hancock,

Boston and Winding Stair Hills, elevation to be >{^-in. per degree, with

maximum of 5 in. This %-in. elevation should be used within ^4 mile of

crossings of other roads, when the crossing is not interlocked.

On branch lines, curves will be given an elevation of Yi,-\x\. per

degree of curve, with maximum of 5 in.

The full elevation should be given at the ends of the curves and the

easement run out on the tangents at the rate of one rail length for each

inch of elevation in the curve. In compound curves, the easement of

the sharper curve to be carried back in the flatter curve as far as necessary

to reach the elevation of the flatter curve. In special cases, special instruc-

tions will be given.



REPORT OF COMMITTEE NO. XIII.—ON WATER
SERVICE.

To the Members of the American Railway Engineering and Maintenance

of Way Association:

The last two reports of your Committee covered pretty generally

the subject of water softening for locomotive boilers.

The report of the Committee for 1904 considered

:

(i) The Kinds of Water used in Railroad Boilers.

(2) Character of the Impurities found in Boiler Waters.

(3) The Treatment of Boiler Water.

The report of the Committee for 1905 considered

:

(i) Water-Softening IMethcds and Plants for Various Con-

ditions.

(2) Comparison of the Cost of Installing and Operating

Water-Softening Plants.

(3) General Conditions under which the Installation of a

Water-Softening Plant would Produce Savings.

The Committee this year has confined its work entirely to the

collection of data and statistics from American railroads that have

installed water-softening plants. At the request of the Committee the

Secretary of the Association wrote to every American railroad that

was known to have installed water-softening plants, and asked for

certain information. The Committee thinks that the information thus

collected should be of value to the Association, as showing the extent

to which American railroads have gone into the softening of water

for their locomotive boilers, as well as indicating some of the bene-

ficial results that the railroad companies have derived from the use

of softened water. The members of the Association will probably note

that the information in regard to the water-softening plants on some

of the railroads is very meager. The Committee regrets that such is

the case, but the information given is all that was furnished by the

officers of these railroads. The lack of data in some cases is un-
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doubtedly due to the fact that these railroads have not had their

water-softening plants in operation long enough to collect any data.

The Committee begs to submit the following information

:

.ATCHISON, TOPEKA & SANTA FE RAILWAY SYSTEM.

Nearly all kinds of water are embraced in the general boiler

water supply of the Santa Fe.

They have sixty-five plants in operation. The oldest of these has

been in service for two years and six months.

The capacity of their plants varies from 40,000 gallons per twenty-

four hours for the lowest, to 450,000 gallons per twenty-four hours

for the highest. The average capacity is given as 50,000 gallons per

twenty-four hours. The cost of softening water at these plants varies

from .7 of a cent to 14 cents per 1,000 gallons, the average cost

being 3.5 cents per 1,000 gallons.

Among the beneficial results from the use of softened water, they

report a very decided decrease in engine failures due to boiler troubles,

resulting in reduction in payrolls of boilermakers and helpers ; re-

duction in the number of flues used ; increase in time between shoppings

(about 100 per cent.), and increased ton mileage of locomotives. Some
of the districts where water is softened now show but from one to

three engine failures per month from boiler troubles, where before

softening the water they had this many failures every twenty-four

hours.

BALTIMORE & OHIO RAILROAD.

The character of the boiler water supply of the Baltimore & Ohio

Railroad is, generally speaking, good, though in the coal and oil regions

the waters contain large amounts of corrosive solids and some free

sulphuric acid.

They have two plants in operation. One of these has a capacity

of 20,000 gallons, and the other 100,000 gallons per hour. These plants

have been in operation about two months.

The cost of softening is .7 of a cent per 1,000 gallons, but the raw
water was then in the best condition. The cost will increase in dry

seasons.

They report that the scale is falling off of the flues of the boilers

that are using the softened water. Also they notice absence of foaming

and pitting since the plants were started.

BUFFALO, ROCHESTER & PITTSBURG RAILROAD.

The Buffalo, Rochester & Pittsburg has one water-softening plant.

It has been in service two years, and has a capacity of 600,000 gallons

per day.

They state that they notice an improvement in the condition of

boilers using this water.
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CENTRAL RAILROAD OF NEW JERSEY.

The general character of the boiler water supply on this road is

reported as poor. They have installed one water-softening plant, which

has been in service since September i, 1904. The capacity of this

plant per day is 240,000 gallons.

They find that the use of softened water in their locomotive boilers

eliminates a considerable amount of incrusting solids, and improves

the operation of their locomotives.

CHESAPEAKE & OHIO RAILWAY.

This company has one water-softening plant in operation. It has

been in service one year. Its capacity is 5,000 gallons per hour. The
cost of softening water at the plant is 4.19 cents per 1,000 gallons.

They report that the use of softened water has reduced leaky

flues and boiler seams to a minimum.

CHICAGO & EASTERN ILLINOIS RAILROAD.

This road has ten water-softening plants in operation and three

in process of construction. The character of the boiler water supply

of this road is very poor.

The cost of softening runs from one to three cents per 1,000

gallons, with an average of two cents. The capacity of their plants

varies from 10,000 gallons per hour to 25,000 gallons per hour, aver-

aging 15,000 gallons. The oldest of the plants has been in operation

about two months, so that they have not yet demonstrated the bene-

ficial results of using treated water.

CHICAGO & NORTHWESTERN RAILWAY.

.The water supply along the line of this road varies from very

good to very bad. Many of the waters contain a large quantity of

scale-forming matter, and som.e of them, taken from running streams,

contain mud and other matter in suspension at certain seasons.

The Northwestern has twenty-five water-softening plants in opera-

tion, the oldest of which has been in service three and three-quarters

years.

The capacity of the plants varies from 120,000 to 800,000 gallons

per twenty-four hours, the average being 300,000.

The cost of softening water at these plants is .8 of a cent for

the lowest, to 3.4 cents for the highest—the average being 1.8 cents

per 1,000 gallons.

Chemical analyses of the waters, before and after treatment, show

that the incrusting solids are reduced so that the quantity left in the

softened water is approximately from three to five grains per gallon.
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Some of these waters before treatment contain approximately forty

to fifty grains per gallon of scale-making material.

The officers of the Mechanical Department, who have charge of

the locomotives on the divisions where the water-softening plants are

located, as well as the Superintendents of these divisions, say that the

use of the softened water has been of great benefit in the economical

handling of trains and maintenance of locomotives. Statistics showing

the cost of operation in the districts where the plants are installed

indicate that they have been the direct cause of saving in the cost

of repairs to locomotive boilers.

CHICAGO^ BURLINGTON & QUINCY RAILWAY.

The water supply of this railroad varies between wide limits. They

have five water-softening plants in operation, the oldest of which has

been in service for four years.

The capacity of their plants ranges from 8,000 to 30,000 gallons

per hour—averaging 15,000 gallons. The cost of softening is 1.2 cents

per 1,000 gallons for the lowest; 2.6 cents per 1,000 gallons for the

highest, an average of 1.7 cents per 1,000 gallons.

They report a decrease in boiler failures on road, decrease in flue

work, and some decrease in washing, due to the use of softened water.

CHICAGO^ MILWAUKEE & ST. PAUL RAILWAY.

The general character of the boiler water supply on the Chicago,

Milwaukee & St- Paul Railway varies from very good to very bad, and

they have both alkali and incrusting waters.

They have one water-softening plant in operation, which has a

capacity of 4,000 gallons per hour, and the cost of treatment is 13.6 cents

per 1,000 gallons.

They report benefits derived from the use of softened water, as

illustrated in the case of an engine which required work on flues each

week before the installation of water-softening plant. This engine was

supplied with soft water exclusively after erection of plant, and ran

for six weeks without needing any such work.

CHICAGO, ROCK ISLAND & PACIFIC RAILWAY.

The character of the boiler water supply of the Chicago, Rock Island

& Pacific Railway is variable, the solid matter dissolved in the waters

ranging from six to one hundred and fifty grains per gallon.

They have installed fifteen water-softening plants, the oldest of

which has been in service twenty-one months. The capacity of these

plants varies from 4,200 gallons per hour for the lowest, to 15,000 gallons

per hour for the highest, with an average of 8,400 gallons per hour.

The cost of softening varies from 3.1 to 14.9 cents per 1,000 gallons,

the average being 12.2 cents per 1,000 gallons.
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They report that the use of softened water has increased the engine

miles between washings, reduced engine failures on account of leaky

flues and staybolts, and materially reduced the cost of repairs to

locomotives.

CHICAGO, ST. P.\UL, MINNEAPOLIS & OMAHA RAILWAY.

The general character of the water on this road ranges from very

good to very bad.

They have nine water-softening plants in operation, the oldest of

which has been in service four years. The cost of softening water

varies from 1.3 cents per 1,000 gallons to 3.9 cents, the average being

2.1 cents per 1,000 gallons.

They report a decrease in repairs to boilers, and a marked improve-

ment in the handling of trains in the district where the plants are

in operation.

DELAWARE, LACKAWANNA & WESTERN RAILROAD.

This road has five water-softening plants, the oldest of which has

been in operation three years. The average capacity of these plants is

286.CCO gallons per 24 hours. The lowest is 240,000 gallons and the

highest 350,000 gallons per twenty-four hours. The cost of softening

is: lowest, .9 of a cent; highest, i.i cents; average, i cent per 1,000

gallons.

The}' report a reduction in scale-forming matter in locomotive boilers,

resulting in greater measure of efficiency of engines, as evidenced by

greater mileage for every tube reset. Previous to using treated water,

boilers needed more frequent washing out, and scale-forming sediment

made it necessary to repair boiler tubes often.

DETROIT, TOLEDO & IRONTON RAILWAY.

The general character of the boiler water -supply on the Detroit,

Toledo & Ironton Railway is poor. They have two water-softening

plants in operation and one under construction. The oldest plant has

been in operation nine months.

They report cost of softening: lowest, i cent; highest, 2.7 cents,

with an average of 1.8 cents per 1,000 gallons. The capacity of their

plants are ioo,coo and 160,000 gallons per twenty-four hours—averaging

130,000 gallons.

They experience considerable benefit in the direction of less boiler

work and maintenance, and find that locomotives using treated water

give less trouble in way of flue and firebox leakage. They estimate

roundhouse boiler work to be 50 per cent, less since the installation

of their water-softening plants, and 20 per cent, reduction in fuel

expense.
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ERIE RAILROAD COMPANY.

The Erie Railroad has one water-softening plant. It has been in

operation for six months.

The capacity of this plant is 12,000 gallons per hour.

EL PASO & SOUTHWESTERN SYSTEM—EASTERN DIVISION.

This road has installed eight water-softening plants, the oldest of

which has been in operation a little over two years. The general

character of their water supply is poor. The water from several of

their wells contains 170 or more grains per gallon of incrusting solids.

The capacity of their plants varies from 2,000 gallons to 10,000

gallons per hour—averaging 5,000 gallons per hour. The cost for

softening water on this road is 7 cents at the lowest, and 28.5 cents

at the highest, with an average of 18 cents per 1,000 gallons.

They found that before they commenced to soften water that it

was almost impossible to get an engine over the division between

Alamogordo and Santa Rosa without boiler trouble. Since the plants

were started, the use of softened water has lessened their trouble.

HOCKING VALLEY AND TOLEDO & OHIO CENTRAL RAILWAYS.

The general character of the boiler water supply of the Hocking

Valley Railway and the Toledo & Ohio Central Railway is poor. They
have three water-softening plants in service, the oldest of which has been

in operation three years.

Their plants have a capacity of from 100,000 to 650,000 gallons

per twenty-four hours- Their cost for softening is two cents per 1,000

gallons.

They report that the use of softened water results in the removal

of scale-forming matter, prolongs the life of the boiler, and saves

fuel.

ILLINOIS CENTRAL RAILROAD.

The character of their boiler water supply varies on different parts

of their line. They have six water-softening plants in operation. The
oldest has been in operation sixteen months. Each plant has a capacity

of 10,000 gallons per hour. They report a great reduction in cost of

repairs to locomotives, as well as doing away with engine failures on

account of hard water.

LAKE ERIE 8i WESTERN RAILROAD.

The character of the boiler water supply found on this road is

variable. At two of the stations where softening plants are located

the waters contain about twenty-five grains of incrusting matter per

gallon. At the other two stations the waters sometimes contain sixty

grains of incrusting matter per gallon, with also a large amount of alkali

during a part of the itime. Four plants are in service on this road.
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One of these has been operating for twenty-one months, and the other

three for eight months. They have a capacity of from 175,000 to 275,000

gallons per 24 hours—averaging 206,000 gallons.

The cost of chemicals used for softening water is 2.1 cents per

1,000 gallons for the lowest, 3 cents per 1,000 gallons for the highest,

with an average of 2.5 cents per 1,000 gallons.

The benefits they have derived from the use of softened water in

their locomotive boilers have been removal of incrusting solids (part

of which were also corrosive), large reduction in engine failures due

to leaking boilers, and decreasing running repairs to boilers.

LEHIGH VALLEY RAILROAD.

The Lehigh Valley Railroad has four water-softening plants. The

oldest has been in operation for two years. The capacity of these

plants are : lowest, 100,000 gallons per twenty-four hours ; highest, 300,000

gallons per twenty-four hours, averaging 225,000 gallons.

Three of these plants have been in operation for only nine months,

and figures showing the benefits due to the use of softened water in

their boilers have not yet been ascertained.

MISSOURI PACIFIC RAILWAY.

The general character of the boiler water supply on the Missouri

Pacific Railway is poor. They have at the present time three water-

softening plants in service. All have been in operation for nine months.

The capacity of each plant is 250,000 gallons per twenty-four hours.

The average cost of softening water on this road is 2.4 cents per

1,000 gallons, ranging from 1.2 cents per 1,000 gallons for the lowest,

to 4.3 cents per 1,000 gallons for the highest.

The Missouri Pacific Railway reports that the number of engine

failures due to water troubles has been greatly reduced by softening

the water. The Master Mechanic states that a saving of several hundred

dollars per month has been effected through the use of softened water.

NEW YORK, ONTARIO & WESTERN RAILWAY.

The New York, Ontario & Western Railway has one water-softening

plant in operation. It was installed in 1901. The cost of softening

water at this plant averages 2.5 cents per 1,000 gallons, the capacity

of which is 5,000 gallons per hour.

They find that their engines are out of service less time on account

of boiler washings and flue repairs than they were before commencing

to soften water ; also longer life of flues.

NORFOLK & WESTERN RAILWAY.

The general character of their boiler water supply varies. On about

one-half of their line the water supply is fair. On about one-fourth
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it needs filtering to remove mud and suspended matter. On about

one-fourth the water contains much scale-forming material.

They have one water-softening plant in service, which has been

in operation one year. They also have five more plants in course of

construction. The cost of treatment at their plant is three cents per

i,ooo gallons. The capacity of their plants ranges from 100,000 to

250,000 gallons per twenty-four hours.

They report that one plant that has been in operation for the

past year has proved to be a great success. The water untreated contains

thirty-six grains per gallon of incrusting solids. After treatment it

contains only four grains. After thirty days' use of the treated water

in a stationary boiler, no scale was deposited in it.

PENNSYLVANIA LINES—SOUTHWEST SYSTEM.

The general character of the boiler water supply of this railroad

varies—part of it being good and part very bad. There are four water-

softening plants in operation on this road, the oldest of which has been

in service for one and a half years. The cost for treatment varies from

two cents to three cents per 1,000 gallons, with an average of two

and a quarter cents per 1,000 gallons. The capacity of the plants varies

from 10,000 to 20,000 gallons per hour—averaging 15,000 gallons per

hour.

As a result of the installation of these water-softening plants they

report that they now have no cracked firebox sheets ; reduced number
of leaky flues, less boiler work; no trains given up on account of leaky

engines ; less roundhouse labor ; less fuel consumed, and engines are

gotten ready more quickly for trains-

PITTSBURG & LAKE ERIE RAILROAD.

The general character of the boiler water supply on the Pittsburg

& Lake Erie Railroad is poor, the water containing carbonates and

sulphates of lime, also sulphuric acid at times.

They have ten water-softening plants in operation, the oldest of

which has been installed two and one-half years. The capacity of these

plants is from 15,000 to 60,000 gallons per hour—averaging 25,000 gallons.

The cost for softening is: lowest, .5 of a cent; highest, 2.5 cents;

average, i cent per 1,000 gallons.

The benefits they have derived from the use of softened water, are:

increased life of fireboxes and tubes ; absence of scale, collapsed tubes

and corrosion; greater amount of service from locomotives, and great

reduction in number of engine failures.

RIO GRANDE & EAGLE PASS RAILWAY.

The general character of the boiler water supply on this railroad

is poor. There are two water-softening plants in operation, the oldest

of which has been in service four }'cars and seven months.
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The capacity of their plants is i,ooo gallons per hour.

As a result of the use of softened water, they report a saving of

40 per cent, in boiler repairs, 20 per cent, in fuel, and 50 per cent, for

labor and water used for washing out locomotives.

RIO GRANDE WESTERN RAILROAD.

This road has three water-softening plants. The oldest has been

in service five years. The capacity of the lowest is 50,000 gallons per

twenty-four hours ; highest, 120,000 gallons, and average 70,000 gallons

per twenty-four hours.

They report that the plants reduce the incrusting solids to three

or four grains per gallon, eliminating the matter in suspension and

improving the water treated.

SOUTHERN PACIFIC COMPANY (PACIFIC SYSTEM).

The boiler water supply of the Southern Pacific (Pacific System)

includes both scale-forming and corrosive waters. They have sixteen

water-softening plants in operation, the oldest of which has been in

operation for six and a half years. The capacity of their plants varies

from 12,500 to 175,000 gallons per twenty-four hours, with an average

of 51,000 gallons per twenty-four hours. They also have seven more

plants in course of construction.

The average cost for softening water on this road is 4.2 cents per

1,000 gallons. This varies from 1.9 cents in the lowest to 6.5 cents

per 1,000 gallons in the highest.

The beneficial results of the operation of their water-softening plants

is shown in an average decrease in scale-forming matter and prevention

of corrosion due to action of unstable salts naturally contained in the

waters before treatment.

TEXAS & PACIFIC RAILWAY.

The Texas & Pacific Railway report that they have all kinds of

water on their line. They have one water-softening plant that has

been in service eight months. It has a capacity of 80,000 gallons per

twenty-four hours. The cost of softening water is three cents per 1,000

gallons. riiey report tliat this plant has been beneficial, but to what

extent has not yet been determined. They also state that this water

was so bad that it was necessary to replace the boiler used in the

pumping plant- every four months, but that the boiler used since plant

was installed is still in use.

UNION PACIFIC RAILROAD.

The general character of the boiler water supply found along the

lines of the Union Pacific Railroad is poor—carrying a considerable

amount of both the carbonates and sulphates of lime and magnesia, to

which is attributable hard scale.
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They have thirty-six plants in operation, the oldest of which has

been in operation for four years. The capacity of these plants varies

from 8,000 to 20,000 gallons, averaging 11,600 gallons per hour.

The cost of softening water on this road per 1,000 gallons varies

from .8 of a cent at the lowest, to 3.9 cents at the highest, with an

average cost of 1.9 cents per 1,000 gallons.

The benefits derived from the use of softened water are a very

marked decrease in boiler repairs and in fuel consumption, decrease in

number of boiler washings, and increase in mileage of locomotives

owing to less frequent shoppings.

WABASH RAILROAD.

The Wabash Railroad has one softening plant, with a capacity of

175,000 gallons per twenty-four hours.

They report the cost of softening water to be 3.1 cents per 1,000

gallons.

Respectfully submitted,

G. M. Davidson, Chemist and Engineer of Tests, Chicago & North-

western Railway, Chicago, Chairman.

Anthony McGill, Assistant Analyst, Inland Revenue, Canadian Gov-

ernment, Ottawa, Canada. Vice-Chairman.

Geo. Crocker, Chief Engineer, Detroit Southern Railroad, Springfield,

Ohio.

C. A. Morse, Acting Chief Engineer, Atchison, Topeka & Santa Fe

Railway, Los Angeles, Cal.

R. S. Parsons, Engineer Maintenance of Way, Erie Railroad, Cleveland,

Ohio.

J. P. Ramsey, General Manager, Chicago, Peoria & St. Louis Railway,

St. Louis, Mo.
E. J. Randall, Principal Assistant Engineer, Bessemer & Lake Erie

Railroad, Greenville, Pa.

H. S- Waterman, Chief Engineer, Detroit & Mackinac Railway, East

Tawas, Mich.

M". H. WiCKHORST, Engineer of Tests, Chicago, Burlington & Quincy

Railroad, Aurora, 111.

K. J. C. ZiNCK, Assistant Engineer, Grand Trunk Railway, Montreal,

Canada.
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DISCUSSION.

Mr. G. M. Davidson (Chicago & Northwestern) :—The subject of

water-softening for locomotive boilers became a live one in this countrj'

about five years ago. The last three reports of this Committee have

taken up the subject and discussed it in its various phases. The sub-

ject is an important one to the mechanical department of railroads, and

they are especially interested in it. There is a good chance to save

considerable money for the railroads by improving the quality of the

water used in the locomotive boilers. It was not very many years

ago, when, in locating the water supply, the chief aim was to get plenty

of water—quantity—and for that reason a great many wells were put

down close to running streams, because at certain seasons of the year

the water from the running stream was muddy and gave trouble. In

many cases the water from these wells has caused more trouble than

water from the streams would have caused. The water from the wells

appeared to be all right, but often it contained so much lime and other

incrusting matter dissolved in it that its use was the cause of much
trouble and expense. The problem in America to-day is largely a me-

chanical one. The chemistry of water-softening is pretty well under-

stood; there is nothing specially new in it. The present method of

water-softening was discovered by Dr. Clark, of Scotland, in the early

forties. Various attempts were made to treat water, and some of them

were successful, and some of them were not successful. The improve-

ments that have been made in this country in recent years have largely

been on mechanical lines. The chemistry of the subject is practically

the same with all systems. The only difference is in the machine which

is used for mixing the proper amount of chemicals with the proper

amount of water to produce proper results. Up to the present time, lime

and soda ash have been the only two available chemicals. There have

been a great many interested people who have been working along

other lines, but they have not been able to produce the results at a cost

as low as they could be produced with lime and soda ash. One of the

members of the Committee has been giving the subject of barium hydrate

considerable thought. The report this year is simply a compilation

of data and statistics which we have gathered through correspondence

with various American railroads that were known to have installed water-

softening plants. This report, therefore, is simply supplemental to the

preceding ones, as rounding out the subject and bringing it up to date.
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Dr. Anthon\' McGill (Inland Rcvenne Department, Canadian Gov-

ernment):—Supplementing the remarks of the chairman of the Com-
mittee just made, 1 would .say that I am of the opinion that there are

two directions in which this Committee may be of particular service

for the next year. There are two points upon which the Association

could advantageously concentrate its attention during the coming year.

1 mention the Association, because without the sympathetic co-opera-

tion of the whole Association your Committee cannot be expected to

make much headway with the special subjects to which I would ask

attention. These are

:

First—The minimum amount of scaling matter which will justify

the cost of treatment. I am aware that a consideration of quantity

of scaling matter alone cannot satisfactorily meet the question. The

nature of the scaling matter must be taken into account. But it should

be possible to say whether or not an amount of scaling matter consist-

ing chiefly of carbonates of lime or magnesia, and reaching fifteen grains

per gallon, would justify the cost of treatment under ordinary conditions

of railroad practice. It is just such definite information that railroad

men appreciate and desire. It would be of great value to have reports

from superintendents of motive power, stating the nature and extent

of difficulties actually found with this class of waters.

Second—The advantage of using barium hydrate in treatment of

waters containing soda salts, along with sulphate of lime and magnesia,

is generally acknowledged. The practical objection is the present cost

of the re-agent. It should be possible to figure out a maximum price

which the railroads could profitably pay for the barium hydrate. This

established, it would remain to endeavor to introduce cheaper methods

for its manufacture; and I am justified in saying that there is reasonable

ground for expecting success in this direction.

The cheapest materials at present available for softening water are

undoubtedly carbonate of soda and lime. The advantage, however, of

using barium hydrate in the treatment of water where sulphate of lime

and magnesia are present, is universally acknowledged. I have been

for some years now in close contact with the manufacturers of barium

hydrate, both in America and in Europe, and I am in a position to say

that I am very far from hopeless in the matter of its being brought down
to a cost which will make it profitable for the railroads to use it on a

pretty large scale. Without going into chemical details, I may simply

say that barium hydrate has two qualities of permanently high importance

in the softening of water not possessed by carbonate of soda or lime.

In the first place, the sulphates are completely thrown out of solution,

and they are really the worst scaling feature of a water. The second

is that barium hydrate renders available for actual softening of the water

the lime which is present in the water; that is to say, the lime which is

an objectionable quality in the water is made, by the chemical reaction

with barium hydrate, to itself become valuable for the further softening
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of the water. The point to be made is this—can the railways arrive

at some maximum price which they can afford to pay for the barium

hydrate? It seems to me that a careful inquiry along the line I have

suggested would enable railway men to come to some conclusion as to

the maximum price which can be afforded, and then it would rest with

the chemists and manufacturers to try and bring down the cost of

hydrate to that limit. I have in mind three or four different suggestions,

some made to manufacturers, and others by manufacturers, by means of

which barium hydrate might be much cheapened, provided a fixed and

large demand for it was known to exist. There are at least two cases

in which barium hydrate might be turned out as a by-product in the

course of other manufactures, which would greatly reduce its cost.

'Mr. A. S. Baldw'in (Illinois Central) :—By way of getting at the

actual value that railroad companies could pay for barium hydrate—

I

have not had any experience with it— I would ask if it is used in the

tender of the engine, or just as the soda ash is used?

Dr. McGill :—The economical use of barium hydrate would involve

its use in mechanical purifiers. It could not be otherwise economically

used.

Mr. Baldwin :—^^'ould it be possilile to give a comparison between

the cost of that method and the ordinary treatment used in water-

softening plants?

Dr. McGill :—Any comparison made, which took into consideration

the present price of barium hydrate, would make the use of it quite

out of the question. That is what I want to get at. I want to obtain

from railway men an idea of what it would be worth their while to pay

for barium hydrate as a substitute for the present treatment methods.

Part of the answer depends on what satisfaction you find in the present

treatment. I have learned, informally, that the practical limit possible

now is the reduction of the scale matter to something like four or five

grains. If that four or five grains contains sulphates of lime, in any

quantity, even to the amount of a single grain, the water would con-

tinue to form scale.

Mr. M. H. Wickhorst (Chicago. Burlington & Quincy) :—In dis-

cussion, it has generally been assumed that the value of water treatment

is determined by the reduction in the amount of hardness. For instance,

the effort is generally to get the water which has only four, five or six

grains, possibly only three grains per gallon, and that considered as

showing the value of water-softening, and the value of that water for

the boiler. The point I call particular attention to is that water, to

be thoroughly satisfactory, as far as the scaling condition of the

boiler is concerned, must have, in all cases, a little excess of

soda ash, and that, as Dr. McGill mentions, even if the water is left

with a little sulphate of lime—it does not make much difference how
little—the water will still scale, and the trouble from scale will continue.

I have in mind a case that has been strongly brought to our notice
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in the last year or so, of the waters along the LaCrosse Division of

the Chicago, Burlington & Quincy Railroad. The water is largely from

the Upper Mississippi, and the average hardness does not run more

than eight grains to the gallon, and yet it was a fact that the boilers

w'ere giving as much or even more trouble with this water which was

considered soft water, than the general average on the rest of the system,

That was due to the fact that the water had about one grain or so of

the sulphate of lime, and such troubles as were caused by the sulphate

of lime were overcome by simply treating the water with one or two

grains of carbonate of soda or soda ash. In water treatment, to get

results, it is always necessary to have a little excess of soda ash. That

applies whether we introduce the soda ash directly into the tender of

the locomotive, into the water treating plant, or inject it into the water

as the water is pumped into the supply tank. Of course, the soda ash

required depends upon the sulphate of lime present, whether the water

is given plain soda treatment or additional lime treatment in a softening

plant. The disadvantage of the soda ash is that it enormously increases

the foaming tendency of the water, and for that reason if barium hy-

drate could be made commercially available, we could get the advantage

of soft water without the use of soda ash, and at the same time do

away with the foaming trouble attendant upon the use of soda ash.

The President :—Are there any other suggestions to be made for

the work of this Committee for the coming year? Their work is im-

portant, and any suggestions made will be appreciated by the Board

of Direction and also by the Committee. The duty devolves upon the

Board of Direction to assign the subjects to be considered by the Com-
mittee for its next report, and any suggestions made will be appreciated.

If there are no suggestions, the Committee will be excused, with the

thanks of the Association.



REPORT OF COMMITTEE NO. VII.—ON WOODEN
BRIDGES AND TRESTLES.

To the M'emhers of the American Raihvay Engineering and Maintenance

of Way Association

:

Under the instructions of the Board of Direction, transmitted by

the Secretary by letter, dated May 19, 1905, your Committee respectfully

submits the following report

:

(i) Compiled definitions adopted by the Association, March, 1905.

(2) Revised specifications for bridge and trestle timber and piles.

(3) Specifications for workmanship for trestles to be built by

contract.

(4) .Specifications for metallic details used in wooden bridges and

tre.stles.

(5) Recommended safe unit working stresses for trestle timber.

In the appendix are recorded the following:

Table of safe unit working stresses for timbers, recommended by

the Association of Railway Superintendents of Bridges and Buildings.

Table of safe unit working stresses for timber trestles and bridges,

by A. L. Johnson, published by United States Division of Forestry.

Safe unit working stresses for timber railroad bridges, used by the

Baltimore & Ohio Railroad.

Abstracts from bulletins issued by the United States Bureau of

Forestry, showing tests on several kinds of timber made by that de-

partment.

Typical plans of ballasted deck trestles in use on the Atchison,

Topeka & Santa Fe Railway, the Oregon Short Line Railroad and the

Louisville & Nashville Railroad.

CONCLUSIONS.

Your Committee makes the following recommendations

:

(i) The adoption of the revised specifications for bridge and trestle

timber.

(2) The adoption of the specifications for workmanship for trestles

to be built by contract.
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(3) The adoption of specifications for metallic details used in

wooden bridges and trestles.

(4) The adoption of the allowable safe unit working stresses.

The various tables of safe unit stresses and tests of timber shown

in the appendix are for information and guidance in designing wooden

structures; also to show that, while considerable progress has been

made by the United States Bureau of Forestry in making tests of tim-

bers, and much valuable information has been obtained on the subject,

it will require considerable more work, investigating and testing the

various kinds of timber used in structures, to enable the Committee

to recommend a list of unit stresses for a greater number of kinds

of timber used in railroad .structures than those submitted for adoption

in this report.

The three plans of ballasted deck trestles are appended for the

information of the members of the Association, shewing the design

of such structures on several railroads, and for the purpose of dis-

cussing the subject and the framing of instructions to the Committee,

if it is desirable to have the Committee prepare and present a plan of

such structure for recommendation by the Association.

Respectfully submitted,

F. E. SciiALL, Bridge Engineer, Lehigh Valley Railroad, South Bethle-

hem, Pa., Chairman.

H. S. Jacoby, Professor of Bridge Engineering, Cornell University,

Ithaca, N. Y., Vice-Chairman.
F. H. Bainrridge, Assistant Chief Engineer, Chicago & Northwestern

Railway, Chicago, 111.

A. L. Bowman, Consulting Engineer, New York, N. Y.

D. B. Dunn, Assistant Engineer, Tidewater Railway, Eggleston, Va.

H. G. Fleming, President and Chief Engineer, Union Belt Railway,

Memphis, Tenn.

James Keys, Assistant Engineer, Union Pacific Railroad, Omaha. Neb.

H. B. Merrtam, Assistant Engineer, Oregon Short Line, Salt Lake, Utah.

Wm. Michel, Engineer Maintenance of Way, Hocking Valley Railroad,

Columbus, O.

Com}nittce.
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DEFINITIONS.

ADOPTED AT CONVENTION, MARCH, I905.

Wooden Trestle.—A structure composed of upright members, supporting

simple horizontal members or beams, the whole forming a support

for loads applied to the horizontal members.

Frame Trestle.—A structure in which the upright members or supports

are framed timbers.

Pile Trestle.—A structure in which the upright members or supports

are piles.

Bent.—The group of members forming a single vertical support of a

trestle, designated as pile bent where the principal members are

piles, and as framed bent where of framed timbers.

Posts.—The vertical and battered members of the bent of a framed

trestle.

Piles.—Timbers driven in the ground, and intended generally to support

a structure.

Batter.—The deviation from the vertical in upright members of a bent.

Cat.—The horizontal member upon the top of piles or posts, connecting

them in the form of a bent.

Sill.—The lower horizontal member of a framed bent.

Sub-Sills.—Timbers bedded in the ground to support framed bents.

Intermediate Sill.-^A horizontal member in the plane of the bent

between the cap and sill to which the posts are framed.

Sway Braces.—Members bolted or spiked to the bent and extending

diagonally across its face.

LoNGiTUDiN.^L Struts or Girts.— Stiff members running horizont;iIly, or

nearly so, from bent to bent.

Longitudinal X Braces.—Members extending diagonally from bent to

bent in vertical or battered planes.

Sash Braces.—Horizontal members secured to the posts or piles of a

bent.

Stringers.—The longitudinal members extending from bent to bent and

supporting the ties.

Jack Stringers.—A single line of stringers placed outside of the main

stringers.

Ties.—Transverse timbers resting on the stringers and supporting the

rails.
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Guard Rails.—Longitudinal members, either iron or wood, secured on

top of ties.

Packing Blocks.—Small members, usually wood, used to secure the

parts of a composite member in their proper relative positions.

Packing Spools or Separators.—Small castings used in connection with

packing bolts to secure the several parts of a composite member

in their proper relative position.

Drift Bolt.—A piece of round or square iron of specified length, with

or without head or point, driven as a spike.

Dowel.—An iron or wood pin, extending into, but not through, two

members of the structure to connect them.

Shim.—A small piece of wood or metal placed between two members

of a structure to bring them to a desired relative position.

^jsh-Plate.—A short piece lapping a joint, secured to the side of sev-

eral members, which are butt-jointed.

Bulkhead.—Timber placed against the side of an end bent for the

purpose of retaining the embankment.



SPECIFICATIONS FOR BRIDGE AND TRESTLE TIMBER AND
PILING.

BRIDGE AND TRESTLE TIMBER.

*A11 timber shall bo cut from sound live trees of slow growth, firm

grain, sawed to full size, rectangular in section and out of wind ; it

shall be free from wind shakes, unsound knots or sound knots over

two (2) in. in diameter, knots in groups, pitch seams, decay or defects

that will impair its strength or durability.

Long-Leaf Yellow Pine.—One face shall show all heart, the other

face and both sides shall show not less than 75 per cent, heart, meas-

ured across the sides anywhere on the piece.

*DouGLAs Fir.—One face shall show all heart, the other face and

both edges shall show not less than 75 per cent, heart, measured across

the surface anywhere on the piece. It shall not show less than an

average of 12 rings to the inch.

Long-Leaf Yellow^ Pine, White. Post and Burr Oak.—Shall

show not less than 75 per cent, heart on each of the four sides, measured

across the side anywhere in the length of the piece.

*Douglas Fir.—Shall show not less than 85 per cent, heart at any

point in the length of the tie ; it shall show not less than an average of

12 rings to the inch.

*Long-Leaf Yellow Pine.—Shall show not less than 85 per cent,

heart on each of the four sides, measured across the side anywhere in

the length of the piece.

*Douglas Fir.—Shall show not less than 85 per cent, heart on any

face and not less than 70 per cent, on any edge ; sound sapwood will

be permitted on two corners of the stringer ; it shall show not less than

an average of 12 rings to the inch. Sound knots less than two (2)

in. in diameter will be permitted if not less than four (4) in. from

the edge of the piece.

General
Require-
ments.

Guard
Rail.

Guard
Rail.

Bridge
Ties.

Bridge
Ties.

Stringers.

Stringers.

*See amendment, pnge 703.
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Long-Leaf Yellow Pine, White, Post and Burr Oak.—The op-

posite or bearing faces shall show laot less than 85 per cent, heart, and

the other two sides shall show not less than 75 per cent, heart, measured

across the face anywhere in the length of the piece.

*DouGLAS Fir.—Shall show not less than 75 per cent, heart on each

face, measured across the face anywl'.ere in the length of the piece;

sound sapwood will be permitted, not exceeding two (2) in. in width

at any corner. Knots must be sotnid and not over three (3) in. in

diameter, measured on the surface of the timber, and must not be

in groups. It shall show not less than an average of 12 rings to the

inch.

Long-Leaf Yellow Pine, White, Post and Burr Oak.—Shall show

not less than 66 per cent, heart, measured across the face anywhere

in the length of the piece. No knots will be permitted in the corners of

the post. One inch wane will be allowed on two corners half the length

of the piece.

*DouGLAS Fir.—Shall show not less than 66 per cent, heart, measured

across the face anywhere in the. length of the piece. No knots will be

permitted in the corners of the post ; it shall show not less than an

average of 12 rings to the inch. One inch wane will be allowed on two

corners half the length of the piece.

Long-Leaf Yellow Pine.—Shall show one side all heart ; the other

tbree sides shall show not less than 85 per cent, heart, measured across

the face anywhere in the length of the piece.

*DouGLAS Fir.—Shall show one side all heart; the other three sides

shall show not less than 85 per cent, heart, measured across the face

anywhere on the piece ; it shall show not less than an average of 12

rings per incb.

*Long-Leaf Yellow Pine, Douglas Fir, White, Burr and Post

Oak.—Shall show not less than 66 per cent, heart anywhere in the

length of the piece; no restrictions as to sap on edges.

*PiLiNG.—All piling shall be cut from sound live trees of slow growth,

firm grain, free from wind shakes, decay, large, unsound knots, or other

defects tbat will impair their strength and durability. They shall be

butt cuts, above tbe ground swell, and be uniformly tapering from the

butt to the tip. They shall be so straight that a line stretched from

the center of the pile at the butt to the center of the pile at the tip

will not leave the center of the pile at any point more than two (2)

See amendment, pp.. 703, 704.
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in. for piles 20 ft.., four (4) in. for piles 30 ft., six (6) m. for piles 40 Piling,

ft, and eight (8) in. for piles 50 ft. in length. No short bends will be

allowed.

All knots shall be trimmed close to the body of the pile, and the

bark peeled.

White, Post, or Burr 0.\k.—Round piles shall not be less than Piling.

12 in. diameter, 6 ft. from the butt, and not less than 10 in. diameter

at the tip for piles under 30 ft. long, not less than g in. diameter for

piles 30 to 39 ft. long, and not less than 8 in. diameter for piles over

40 ft. long. They shall show not less than 75 per cent, heart.

Square piles shall be of timber squared throughout their entire

length, smoothly hewed ; they shall not be less than 14 in. nor more than

16 in. square at the butt and not less than 10 in. square at the tip

for piles 30 ft. long and under, 9 in. square for piles 30 to 39 ft.

long, and not less than 8 in. square for piles 40 ft. long and over. They

shall show not less than 75 per cent, heart.

Norway Pine and Tamarack.—Piles shall not be less than 14 in. Piling.

nor more than 18 in m diameter at the butt, and not less than 10 in.

at the tip for piles under 36 ft. long and not less than 9 in. diameter

for piles over 36 ft. long.

Southern Long-Leaf Yellow Pine.—Round piles shall not be less Piling.

than 14 in., nor more than 16 in. in diameter at the butt, and not less

than 10 in. at the tip. They shall show not less than 80 per cent,

heart on the ends.

Square piles shall not be less than 12 in. nor over 14 in. square

at the butt, and not less than 8 in. square at the tip. Piles shall be

hewed square, except that one inch wane will be allowed on two cor-

ners for half the length of pile. They shall show not less than 75 per

cent, heart on any side for full length of pile.

White Cedar.—Piles shall not be less than 14 in. in diameter at Piling.

the butt and not less than 9 in. diameter at the tip when under 30 ft.

in length, and not less than 8 in. diameter at the tip when over 30 ft.

in Ifength. Unsound butts will be accepted if the defect is not more

than 4 in., in diameter. 1"hcre must be 5 in. of sound close-grained wood

all around the defect.

Red Cedar.—Piles shall not be less than 12 in. in diameter at the piiing.

butt, and not less than 9 in. diameter at the tip when under 30 ft.

in length, and not less than 8 in. diameter at the tip when over 30

ft. in length. Unsound butts will be accepted if the defect is not more
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Piling.

Piling:.

Foundation
Piling-.

than 3 in. in diameter. There must be 5 in. of sound close-grained

wood all around the defect.

*DouGLAs Fir.—Piles shall be of either red or yellow Oregon Fir.

They shall not be less than 14 in. nor more than 18 in. in diameter at

the butt, and not less than 10 in. diameter at the tip. Piles over

40 ft. in length shall not be less than 16 in. nor more than 22 in.

diameter at the butt, and not less than 8 in. diameter at the tip; they

shall show not less than 75 per cent, heart at the tip.

Cypress.—Piles shall be red or swamp cypress They shall be

squared throughout their entire length, smoothly hewed. They shall not

be less than 14 in. nor more than 16 in. square at the butt, and not

less than 10 in. square at the tip for piles under 30 ft. long, not less

than 9 in. square for piles 40 ft. long, and not less than 8 hi. ."square

for piles 50 ft. long. Piles shall show all heart.

Foundation Piling.—Piles for foundations that will always be com-

pletely submerged and piles for cofferdams, false-work and sundry

temporary work may be of red oak, hickory, elm, gum or any sound

timber that will stand driving and need not be peeled. Foundation piles

shall not be less than 12 in. nor more than 16 in. diameter at the

butt, and not less than 9 in. at the tip.

"^See amendment, page 704.



RECOMMENDED SPECIFICATIONS FOR WORKMANSHIP FOR
PILE AND TIMBER TRESTLES TO BE BUILT

UNDER CONTRAC'l".

']"he trestle to be built under these specifications is located on

the line of Railroad, at . , ., County of ,

State of

GENERAL DESCRIPTION.

The work to be done under these specifications covers the driving,

framing and erection of a track wooden trestle about

ft. long and an average of ft. high.

The contractor is to furnish all the necessary labor, tools, macliin-

er}-, supplies, temporary staging and outfit to build the trestle complete

ready for the rails of track in a workmanlike manner, in strict accord-

ance with the plans and the true intent of these specifications to the

satisfaction and acceptance of the engineer of the Railroad Company.

GENERAL CLAUSES.

The workmanship to be of the best quality in the several lines of

work; all details, fastenings and connections to be of the best method

in general use on first-class work.

Holes must be bored for all spikes and drift bolts for at least

two-thirds the length of the spike or drift bolt to be used ; the auger

to be the same diameter as the thickness of the spike.

All timber must be cut at the ends with a saw and not with an

axe.

On the completion of the work, all refuse material- and rubbish

that may have accumulated on top or under and near the trestle, by

reason of its construction, shall be removed by the contractor.

The engineer or his authorized agents shall have full power to

cause any inferior work to be condemned and taken down or altered

at the expense of the contractor. Any material destroyed by the
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contractor on account of inferior workmanship or carelessness of his

men to he replaced by the contractor at his expense.

Figures shown on the plans are to govern in preference to scale

measurements; if any discrepancies should arise or irregularities be

discovered in the plans, the contractor shall call on the engineer for

instructions. These specifications and the plans are intended to co-

operate, and, should any question arise as to the proper interpretation

of the plans or these specifications, it shall be referred to the engineer

for a ruling.

The contractor shall, when required by the engineer, furnish a

satisfactory watchman to guard the work.

DETAIL SPECIFICATIONS.

Piles. All piles shall be carefully selected to suit the place and ground

where they are to be driven. When required by the engineer, pile

butts shall be provided with iron or steel rings, and the tips with

suitable iron or steel shoes ; such rings and shoes will be furnished

by the Railroad Company. All piles to be driven to a firm bearing,

satisfactory to the engineer, or until five blows of a hammer weighing

3,oco lbs., falling 15 ft. (or a hammer and fall producing the same

mechanical effect), arc required to drive the pile one-half (jA) in.

per blow, except in soft bottom, when special instructions will be given.

Batter piles shall be driven to the inclination shown by the plans

and shall require but slight bending before framing.

Piles. The butts of the piles in a bent to be sawed off to one plane and

to be trimmed so as not to leave any horizontal projection outside of

the cap.

Piles to be slightly flattened at intersection of braces, to give them

a fair bearing.

Piles injured in driving, or driven out of place, shall either be

pulled or cut off and replaced by new piles.

Caps. Caps shall be sized over the piles or posts to a uniform thickness

and even bearing on piles or posts. They shall be drift-bolted to piles

or posts.

The side with most sap shall .be placed downward.

Posts. Posts shall be sawed to proper length for their position (vertical

or batter) to an even bearing on cap and sill. They shall be drift-

bolted to cap and doweled or toe-nailed to sill.
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Sills shall be sized at the bearing of posts to one plane. They

shall be doweled to posts and drift-bolted to sub-sills.

All sway bracing shall be properlj' framed and securely bolted

to piles or posts, when necessary for pile bents ; filling pieces shall be

used between the braces and the piles on account of the variation in

size of piles, to obtain a bearing against all piles.

Longitudinal struts and X-braces shall be properly framed and

securely bolted to piles or posts.

Girts shall be properly framed and drift-bolted to caps, sub-sills,

posts or piles, as the plans may require.

Stringers shall be sized to a uniform height. They shall be laid

with alternating joints, provided with packing spools or separators, and

the several lines under each rail bolted together. All continuous string-

ers over cap shall be drift-bolted to cap.

The edges with most sap shall be placed downward.

Jack stringers, when used, shall be neatly framed on caps and

drift-bolted to cap.

Ties shall be notched over the stringers to a close fit, firm bearing,

and uniform top surface. They shall be spaced regularly, cut to even

length and a line as called for on the plans.

Every sixth tie shall be spiked at each end to outside stringers,

the spikes to be in Die same tie in which the guard rail bolts occur.

When ties are planed to uniform thickness, the rough side shall be

placed upward.

Guard rails shall be neatly notched over every tie, spliced at joints

by half and half splice over a tie.

They shall be bolted to every third tie, the bolt to be placed in

the same tie for each guard rail. The splices of guard rail shall be

bolted to the tie underlying the splice.

The work to be completed in all its parts on or before the

A. D., 19. ...

Payments will be made under the usual regulations of the Railroad

Company.

Sills.

Sway
Braces.

Longitu-
dinal
Braces.

Girts.

Stringers.

Jack
Stringers.

Ties.

Guard
Rails.

Time
of Com-
pletion.

Payments.



SPECIFICATIONS FOR METALLIC DETAILS USED IN

WOODEN BRIDGES AND TRESTLES.

GENERAL REQUIREMENTS.

Wrought-iron shall be tough, fibrous and uniform in character. It

shall be thoroughly welded in rolling and be free from surface defects.

When tested in specimens of the form of Fig. i or in full-sized pieces

of the same length, it shall show an ultimate strength of at least 50,000

lbs. per sq. in., an elongation of 18 per cent, in 8 in., with fracture

whollv fibrous. Specimens shall bend cold, with the fiber, through

135 degrees, without sign of fracture, around a pin the diameter of

which is not over twice the thickness of the piece tested. When nicked

and bent, the fracture shall show at least 90 per cent, fibrous.

,5

A^o//ass /y^cy.^ ^"

Tf.
//;

y^ ..1

Fig. I.

Steel shall be made by the open-hearth process. It shall contain

not over 0.04 per cent, phosphorus and not over 0.04 per cent, sulphur,

when tested in specimens of the form Fig. i or full-sized pieces of same

length. Jt shall have a desired ultimate strength of 50,000 His. per

sq. in.; tensile tests of steel showing an ultimate strength within 5,000

lbs. per sq. in. of that desired will be considered satisfactory, except

that, if the ultimate strength varies more than 4,000 lbs. from that

desired, a retcst shall be made on the same, which, to be acceptable,
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shall bo within 5,000 lbs. of the desired ultimate; it shall have an elonga-

1.500,000

tion of in 8 in. ; it shall bend cold without fracture

ult. tens, strength

180 degrees flat. The fracture of tensile test shall be silk\'.

Cast-iron shall be made of tough gray iron, with sulphur not over

o.io per cent. If tested on the "Arbitration Bar" of the American

Society for Testing Materials, which is a round bar 114 '"• i" diameter

and 15 in. in length, the transverse test shall be made on a supported

length of 12 in. with load at the middle. The minimum breaking load

so applied shall be 2,900 lbs. with a deflection of at least i*5-in. before

rupture.

DETAIL SPECIFICATIONS.

Bolts shall be of wrought-iron or steel, made with square heads,

standard size, the length of thread to be 2V2 times the diameter of bolt.

The nuts shall be made square, standard size, with thread fitting closely

the thread of bolt. All threads shall be cut according to U. S. standards.

Drift bolts shall be of wrought-iron or steel, with or without square

head, pointed or without point, as may be called for on the plans.

Spikes shall be of wrought-iron or steel, square or round, as called

for on the plans ; steel wire spikes, when used for spiking planking, shall

not be used in lengths more than 6 in. ; if greater lengths are required,

wrought or steel spikes shall be used.

Packing spools or separators shall be of cast-iron, made to size .md

shape called for on plans; the diameter of hole shall be Yi-in. larger

than diameter of packing bolts.

*Cast w^ashers shall be of cast-iron. The diameter shall be not less

than sy> times the diameter of bolt for w-hich it is used, and "not less

than %-'m. thick; the diameter of hole shall be ^^-in. larger than the

diameter of the bolt.

Wrought washers shall be of w'rought-iron or steel ; the diameter

shall be not less than 3^^ times the diameter of bolt for which it is

used, and not less than l<i-'u^ thick. The hole shall be >^-iii. larger

than the diameter of the bolt.

^Special castings shall be of cast-iron, made true to pattern, without

wind, free from flaws, and excessive shrinkage; size and shape to be

as called for by the plans.

Cast-
iron.

Bolts.

Drift
Bolts.

Spikes.

*See amendment, page 704,



SAFE UNIT STRESSES.

The following allowable unit stresses are recommended, their values

being chosen so as to include the allowance for impact

:

*Stringers.—For long-leaf yellow pine and Pacific Coast red fir

:

l,200 lbs. per sq. in on the extreme fibers in bending, and 120 lbs.

per sq. in. for shear parallel to the fibers.

*Caps and Sills.—For long-leaf yellow pine and Pacific Coast red

fir: 300 lbs. per sq. in. for bearing on the side of the fibers.

For white, post and burr oak: 500 lbs. per sq. in.

*PoSTS AND Piles.—For long-leaf yellow pine and Pacific Coast red

/

fir: 1,200— 18 — lbs. per sq. in. for the average compression on the

d

cross-section, in which "1" is the length and "d" the least diameter of the

column, both expressed in inches.

/

For white, post and burr oak: 1,000— 15 — lbs. per sq. in.

d
I

For Norway pine, cypress and ^idar: 800 — 12 — lbs. per sq. in.

d

AVERAGE SAFE UNIT STRESSES IN POUNDS PER SQUARE
INCH.

Recommended by the Committeeon 'Strenjjlh of Hridge and Trestle Timljers," Amer-
ican Association ofRailway Superintendents of Bridges and Buildings, Fifth Annual
Convention, New Orleans, October, 1895.

Comj>ression with the grain
For columns under 15 diameters.
Compression across the grain
E.xtreme liber stress in bending..
Modulus of Elasticity
Shearing with the grain
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SAFE UNIT STRESSES AT i8 PER CEN'i'. MOISTURE.

From Bulletin Xo. 12 of Division of Forestry in •lOconomical Designing of Timber
Trestle Bridges Vjy A. L. Johnson, 1896."

All values are expressed in pounds per square inch.

Modulus of Rupture
.Modulus of lOlasticity

Compression Strength, endwise..
Compression Strength, across the
grain

Shearing Strength parallel to fi-

bers

o a>
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TESTS OF LONG LEAF YELLOW PINE.

.\bstr;ictcd from Circular Mo. 32 of the U. S. Bureau of Forestry, 1904.

Progress Report by W. K. Hatt, Civil Engineer in Bureau.

All values are expressed in pounds per square inch.

Number of tests

Sizie

Grade
Number of rings per inch
Percentage of moisture
average

Weight per cubic foot dry
Maximum strength. ...

Average of all tests

Minimum strength

Flexure Compression

Fiber
Stress at
Elastic
Limit

20
10"xl2"x

16'
0"

18

28. :i

42.9

7890
5530
3660

Modulus
of

Rupture

20
10"xl2":

16' 0"

G
18

28.2

42.9

10080
8280
6010

Modulus
of

Elastic-
i I .V

20
10"xl2"x

16' 0"

orgia Me
18

28.2

42.9
2,408,000
1.807,000

1,356,000

Parallel
to Fiber*
Ultimate

44
4"x6"

I

Perpendic-
ular to
Fiber
Elastic
Limit

Shear
Parallel
to Fiber
from

Flexural
Tests

4"x4"xl6'
I

rchantab le

26.9

35.7

5950
4862
3290

25.1

36.0

616
375

10"xl2"x
16' 0"

18

28.2
42.9

291

268t
247

I*) Compressive strength at elastic limit equals
strength.

(t) Nineteen beams that did not fail by longitudi
of 343 lbs. per sq. in.

The above tests all rehUe to actual nuirket products

about 75 per cent, of ultimate

nal shear gave an average value

TESTS OF PACIFIC COAST RED FIR (OR DOUGLAS FIR)

.Mistracted from Circular No, 32 of the U. S. Bureau of Forestry, 1904,
I'rogress Report by W, K Hatt. Civil lOngineer in Bureau

All values are expressed in pounds per square inch.

Flexure Comjiression

Fiber
Stress at
Elastic
Limit

Modulus
of

Rupture

Number of tests.

Size

6
8"xl6"x

16'
0"

6

8"xl6"x
16' 0"

Grade Melrchantab

Number of rings per inch 29.4-6,2

Average numl)er ' 18,1

25,6-19,0

22.1

Percentage of moisture.
Average percentage
Weight per cu. ft., dry .

.

.\ verage weight
Maximum strength
.Average of all tests
M inimum strengt h

285
5270
4800
4440

29,4-6,3

18,1

25.6-19.0

22,1

28,5

7190
6610t
5710

.Modulus
of

Elastic-
it v

6

8"xl6"x
16' 0"

le

29,4-6,2

18.1

25.6-19.0

22.1

28.5

1,880.000

l,577.000^

1.365,000

Parallel
to Fiber*
Ultimate

143

.5"x5"

36,0-4.0

17.2

28.3- 15.7

20.7
36.2-22.9

28,7

7070
4825
2780

Periiendic-
ular to
Fiber
Elastic
Limit

142

4"x4"xl60'

rades

22,4-17.5

19.5

35.9-23,0

28,8

1300
.597

402

Shear
Parallel
to I'iber
from

I'^lexural

Tests

6
8"xI6"x

16' 0"

Merchant-
able

29.4-6,2

18.1

25.6-19.0

22.1

" "28.5
""'

287
272
228

(*) At the elastic limit the corresponding values are: Maximum, 5,280: average.
3.700; minimum. 1,970.

(1) Twenty-nine sticks, most of which were 6 x 8 in. x 16 ft. in. in size, gave an
average modulus of riiiiture of 7,730, and modulus of elasticity, 1,825,000.

The above tests all relate to actual market in'oducts.
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PACIFIC COAST RED FIR.

Notes abstracted from (Jirciilav No. 32 of the V. S. liiueau of Forestry, 1904.

The tests relate to actual market products.

Sticks 24 X 24 in. X lOO ft. are regularly listed and obtainable in Mer-
chantable grade.

This timber has exceptionable strength and stiffness compared with

its weight. It is almost entirely heartwood, hence durable on exposure

to the weather.

In green logs the sapwood is not more than 2 in. beneath the bark,

a light-colored ring.

In seasoned timber, sapwood that is distinguishable is seldom

encountered.

It is used on the Pacific Coast exclusive of other species for piling

for docks and foundations in soft ground. Standard piles are 12 in. in

diameter, 60 to 70 ft. long.

The color is light yellow to pronounced red.

The grain varies from 4 to 40 (or even more) rings per inch.

The wide ringed wood is somewhat spongy.

The wood splits easily when dry.

There is no marked difference between the strength of fir of red

and of yellow color, provided the sticks have the same rate of growth

and are equally free from defects.

The greatest density and strength is found in sticks with 21 rings

per inch.
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SUMMARY OF TESTS FROM CIRCULAR NO. 15, DIVISION

OF FORESTRY (1897).

All values are expressjed in pounds per square inch.



WOODEN BRIDGES AND TRESTLES. 699

ABSTRACTED FROM "TABLES OF SAFE LOADS FOR WOODEN
BEAMS AND COLUMNS" BY KIDWELL AND

MOORE, NEW YORK, 1899.

Safe zvorking unit stresses due toflexure : Pounds fer Square Inch.
Douglas, Oregon and Washington Red Fir Soo
White Oak 1,000
Douglas, Oregon and Washington Yellow Fir i , 100

Long Leaf Yellow Pine i , 200

Column ForfHulas;

-

^
......

^

1 o- ,

1

2d or less —;—=over 2o

Oak 900 - 9— 900 - 1 1

d d

Long-leaf Yellow Pine 1000 - 8. s 1000 -11
d d

Oregon, Washington and Douglas Yel- , ,

low Fir. 1200 - Q -- 1200 - 12
d d

Norway Pine, Red Pine 800 - 6.5 800 - 8
d d

Cypress 800 - 7.6 800 - 9.5
d d

Cedar 800 - 8.6 800 -11
d d

I=length of column in inches.

d= least dimension of cross-section in inches.

XoTE.—The above imit stresses are intended for use without the addition of stresses
due to impact.
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ABSTRACT OF COMPARATIVE TESTS OF DOUGLAS FIR AND
LONG-LEAF YELLOW PINE BY FRANK W. HIBBS,

' NAVAL CONSTRUCTOR, 1901.

From Proceedings of Pacitic Northwest Society of Kngineers, Vol. 1, page 1.

November, 1902.
All values are expressed in pounds per square inch.
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NOTES ON COMPARATIVE TESTS OF DOUGLAS FIR AND
LONG-LEAF YELLOW PINE.

BV FRANK W. IITBBS.

Transverse Tests.—Yellow pine was stiffer than Douglas fir, even

uhcn its strength was less. The yellow pine broke very short, while the

Douglas fir generally had a long fibrous fracture.

Compression Across the Grain.—The side of the long stick was
compressed by a short block 3 x sVz in., as wide as the stick. The wood
was compressed to destruction, and the values recorded are the maxi-

mum stress recorded before ultimate failure. The green specimens gave

the best results for Douglas fir. The best results were given when the

rings were vertical and the timber fine-grained.

The ultimate stress is about double that at which failure began,

which maj' be spoken of as the elastic limit, and which may be taken as

the basis of any compression calculations. The deformation of Douglas

fir is noticeably less than for yellow pine, particularly when the rings

are vertical. •

Compression on End of Grain.—The difference in the fractures is

])articularly noticeable ; the fir crushed from end to end fairly square

across the piece, or bulged symmetrically at the sides and split, while

the yellow pine gave way in diagonal lines from top to bottom, and in

two cases in double diagonals, showing as four triangles laid together.

NOTES ON COMPARATIVE TESTS OF DOUGLAS FIR AND
LONG-LEAF YELLOW PINE.

BY FRANK W. HIBBS.

The tests were all made on small pieces of selected stock from prin-

cipal dealers on Puget Sound.

CONCLUSIONS.

(i) Strength. Douglas Fir is generally equal to Yellow Pine, and
superior to it in some essential particulars.

(2) Elasticity. Douglas Fir is decidedly more elastic than Yellow
Pine.

(3) Toughness. Douglas Fir is far superior to Yellow Pine as

regards toughness.

(4) Wearing Qualities. Yellow Pine is superior to Douglas Fir on
account of the greater pitch that it contains.

(5) Lasting Qualities. Yellow Pine is superior to Douglas Fir on
account of the greater amount of pitch that it contains.

(6) Weight. Douglas Fir is 14 per cent, lighter than Yellow Pine.

Fine grained lumber is stronger than coarse grained, except as

against splitting.

Horizontal rings gives the strongest beams.



702 WOODEN BRIDGES AND TRESTLES.

TESTS OF PACIFIC COAST RED FIR.

BY L. E. HUNT, IN CHARGE OF U. S. I'ACIFIC COAST LABORATOKV.
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AMENDMENTS.

General Requirements.—All timber shall be cut from sound trees,

grain to show a large proportion of hard summer wood, sawed to

full size, rectangular in section and out of wind ; it shall be free from

ring shakes, unsound knots or sound knots over one and one-half (iVi)

in. in diameter, knots in groups, pitch seams, decay or defects that

will impair its strength or durability.

Guard Rail. Douglas Fir.—One face shall show all heart, the other

face and both edges shall show not less than 75 per cent, heart, meas-

ured across the surface anywhere on the piece. It shall not show less

than an average of 12 annual rings to the incli.

Bridge Ties. Douglas Fir.—Shall show not less than 85 per cent,

heart at any point in the length of the tie; it shall show not less than

an average of 12 annual rings to the inch.

Stringers. Long-Leaf Yellow Pine.—Shall show not less than 85

per cent, heart on each of the four sides, measured across the side

anywhere in the length of the piece. Sound knots, less than three (3)

in. in diameter, will be permitted in the vertical faces of the stringer

at points not less than one-quarter the depth from the edge of the piece.

Stringers. Douglas Fir.—Shall show not less than 85 per cent,

heart on any face and not less than 70 per cent, on any edge ; it shall

show not less than an average of 12 annual rings to the inch. Sound

knots less than one and one-half (i^-j) in. in diameter will be per-

mitted if not less than four (4) in. from the edge of the piece. Sound

knots less than three (3) in. in diameter will be permitted in the

vertical faces of the stringer at points not less than one-quarter the

depth from the edge of the piece.

Caps and Sills. Douglas Fir.—Shall show not less than 75 per

cent, heart on each face, measured across the face anywhere in the

length of the piece; sound sapwood will be permitted, not exceeding

two (2) in. in width at any corner. Knots must be sound and not

over three (3) in. in diameter, measured on the surface of the timber,

and must not be in groups. It shall show not less than an average of

12 annual rings to the inch.

Posts. Douglas Fir.—Shall show not less than 66 per cent, heart,

measured across the face anywhere in the length of the piece. No knots

will be permitted in the corners of the post; it shall show not less than

an average of 12 annual rings to the inch. One inch wane will be al-

lowed on two corners half the length of the piece.

Longitudinal Struts or Girts. Douglas Fir.—Shall show one sido

all heart; the other three sides shall show not less than 85 per cent,

heart, measured across the face anywhere on the piece ; it shall show

not less than an average of 12 annual rings per inch.
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Longitudinal X-Braces, Sash Braces and Sway Braces.—Long-Leaf

Yellow Pine, Douglas Fir, White, Burr and Post Oak.—Shall show not

less than 66 per cent, heart on each of the four sides anywhere in the

length of the piece ; no restrictions as to sap on edges.

Piling. General Requirements.—All piling shall be cut from sound

jive trees of slow growth, finn grain, free from ring shakes, decay, large,

unsound knots, or other defects that will impair their strength and

durability. They shall be butt cuts, above the ground swell, and be

uniformly tapering from the butt to the tip. They shall be so straight

that a line stretched from the center of the pile at the butt to the center

of the pile at the tip will not leave the center of the pile at any point

more than two (2) in. for piles 20 ft., four (4) in. for piles 30 ft.,

six (6) in. for piles 40 ft., and eight (8) in. for piles 50 ft. in length.

No short bends will be allowed.

Piling. Douglas Fir.—Piles shall be of either red or yellow Douglas

Fir. They shall not be less than 14 in. nor more than 18 in. in diameter

at the butt, and not less than 10 in. diameter at the tip. Piles over

40 ft. in length shall not be less than 16 in. nor more than 22 in.

diameter at the butt, and not less than 8 in. diameter at the tip ; they

shall show not less than 75 per cent, heart at the tip.

Cast Washers.—Cast washers shall be of cast-iron. The diameter

shall be not less than 3^/2 times the diameter of bolt for which it is

used, and its thickness equal to the diameter of bolt ; the diameter of

hole shall be 3^-in. larger than the diameter of the bolt.

Special Castings.—Special castings shall be made true to pattern,

without wind, free from flaws, and excessive shrinkage ; size and shape

to be as called for by the plans.

Safe Unit Stresses.—Change the words "Pacific Coast"' to read

"Douglas," in the third, sixth and ninth lines.
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DISCUSSION^

The President :—We will now consider the report of the Committee

on Wooden Bridges and Trestles. Prof. H. S. Jacoby, vice-chairman

of the Committee, will present the report in the absence of the chairman.

Prof. H. S. Jacoby (Cornell University) :—The work of the Com.-

mittee, so far as the specifications for bridge and trestle timber and

piles arc concerned, is mainly a rearrangement of material. As pre-

sented last year, there was considerable repetition, with a view of having

the various sections practically complete, so that any part could be taken

out and used separately. It was felt, as shown by the discussion last

year, that there was too much repetition in the specifications and that

it would be better to have general requirements, and afterwards only to

give the details in which they differed from one another, as relating to

stringers, caps and sills and posts, without repeating such requirements

in every single case. The specifications as presented, beginning on page

lo6, of Bulletin No. 71, were practically adopted at the last annual

meeting and are now presented in a diiTerent form.

We were also asked to prepare specifications for the metallic details

used in wooden liridges and trestles, and to prepare specifications for

workmanship for trestles to be built by contract.

There are a few suggestions made in the recently printed discussions

which the Committee is willing to accept, and which will not be regarded

as material changes. Wherever the word "rings" is employed, it is to

be replaced by "annual rings." In the paragraph at the bottom of page

106, second and third lines from the bottom, the clause "sound sapwood

will be permitted on two corners of the stringer" is to be stricken out

as superfluous, because it is already covered in the preceding part of the

paragraph, which says, "shall show not less than 85 per cent, heart on

any face," etc.

On page 107, next to the last paragraph, where it says, "shall show

not less than 66 per cent, heart," insert between the words "heart" and

"anywhere" the expression "on each of the four sides."

On the top of page 109, change the word "Oregon" to "Douglas."

It has been suggested that for the general requirements on page 106

a slight modification be made, which the Committee is willing to accept,

so as to read as follows : "All timlier shall be cut from sound trees,

grain to show a large proportion of hard summer wood," th-e idea being

that it is more important, according to the great body of tests recently

made by the Bureau of Forestry, to have a large proportion of summer

714
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wood than it is that the tree shall simply have slow growth, and that

in a period of fairly rapid growth, when the proportion of hard summer

wood is relatively large, really gives a better tree. The term "ring

shake" is to be substituted for "wind shake." It indicates the observed

fact without reference to the cause. Reduce the size of knots from 2

inches to 1^2 inches.

In the paragraph on "Longleaf yellow pine for stringers" add another

sentence : "Sound knots, less than three inches in diameter, will be

permitted in the vertical faces of the stringer at points not less than one-

quarter the depth from the edge of the piece." Tests show that if a

knot be not less than 25 per cent, of the depth of the piece from the

edge, it is not injurious. This change gives a more satisfactory specifica-

tion than the one printed. Under Douglas fir for stringers, the same

addition should be made.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—For

the purpose of hastening the consideration of this report I wish to ask

the Committee if the report as presented modifies the meaning of the

specifications which were adopted last year? There is no comparison

between the old and the new. These specifications were thoroughly

threshed over last year and they were referred back to the Committee

simply for readjustment and condensation. As I understand it, this

report as printed shows that readjustment and condensation only. No
essential features have been altered?

Prof. Jacoby :—As printed in Bulletin No. 71, the changes relate

mainly to rearrangement of material. No essential changes were made

in regard to percentages of heart wood or other data.

The Secretary :—The following communication has been received

from Prof. W. K. Hatt:

"The American Society for Testing Materials has appointed a Com-

mittee to draw up specifications for structural timber. This committee

incUides not only engineers but consumers and producers. As timber

must be used as it is found in the forest, it is necessary that specifica-

tions shall reflect the condition of supply.

"The present specifications are an advance, but further consideration

seems necessary.

"It is therefore moved that the specifications for bridge and trestle

timbers and piling be referred back to the Committee with the instruction

that they co-operate with the committee of the American Society for

Testing Materials for Structural Timber, with a view to the preparation

of joint specifications."

Mr. L. C. Fritch (Illinois Central) :—I move the adoption of the

motion.

Mr. McDonald :—I second it.

(The motion was lost.)

The President:—If there is no objection, the specifications for bridge

and trestle timber and piling, as now presented, with the changes men-
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tioned by Prof. Jacoby, will stand approved. We will next consider the

recommended specifications for workmanship for pile and timber trestles

to be bnilt under contract.

The Secretary:

—

"Recommended Specifications for Workmanship
FOR Pile and Timber Trestles to be Built under Contract.—Site.

—

The trestle to be built under these specifications is located on the line

of Railroad, at , County of , State of

"General Description.—The work to be done under these specifica-

tions covers the driving, framing and erection of a track

wooden trestle about ft. long and an average of ft. high.

"The contractor is to furni.sh all the necessary labor, tools, machinery,

supplies, temporary staging and outfit to build the trestle complete ready

for the rails of track in a workmanlike manner, in strict accordance

with the plans and the true intent of these specifications to the satis-

faction and acceptance of the engineer of the Railroad Company.

"General Clauses.—The workmanship to be of the best quality in

the several lines of work; all details, fastenings and connections to be

of the best method in general use on first-class work.

"Holes must be bored for all spikes and drift bolts for at least

two-thirds the length of the spike or drift bolt to be used ; the auger

to be the same diameter as the thickness of the spike.

"All timber must be cut at the ends with a saw and not with an

axe.

"On the completion of the work, all refuse material and rubbish

that may have accumulated on top or under and near the trestle, by

reason of its construction, shall be removed by the contractor.

"The engineer or his authorized agents shall have full power to

cause any inferior work to be condemned and taken down or altered

at the expense of the contractor. Any material destroyed by the con-

tractor on account of inferior workmanship or carelessness of his men
to be replaced by the contractor at his expense.

"Figures shown on the plans are to govern in preference to scale

measurements ; if any discrepancies should arise or irregularities be

discovered in the plans, the contractor shall call on the engineer for

instructions. These specifications and the plans are intended to co-

operate, and, should any question arise as to the proper interpretation

of the plans or these specifications, it shall be referred to the engineer

for a ruling.

"The contractor shall, when required by the engineer, furnish a

satisfactory watchman to guard the work.

"Detail Specifications.—Piles.—All piles shall be carefully selected

to suit the place and ground where they are to be driven. When required

by the engineer, pile butts shall be provided with iron or steel rings,

and the tips with suitable iron or steel shoes ; such rings and shoes will

be furnished by the Railroad Company. All piles to be driven to a

firm bearing, satisfactory to the engineer, or until five blows of a hammer
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weighing 3,coo lbs., falling 15 ft. (or a hammer and fall producing the

same mechanical effect), are required to drive the pile one-half (%) in.

per blow, except in soft bottom, when special instructions will be given.

"Batter piles shall be driven to the inclination shown by the plans

and shall require but slight bending before framing.

"Piles.—The butts of the piles in a bent to be sawed oflf to one

plane and to be trimmed so as not to leave any horizontal projection

outside of the cap.

"Piles to be slightly flattened at intersection of braces, to give them

a fair bearing.

"Piles injured in driving, or driven out of place, shall cither be

pulled or cut off and replaced by new piles.

"Caps.—Caps shall be sized over the piles or posts to a uniform

thickness and even bearing on piles or posts. They shall be drift-bolted

to piles or posts.

"The side with most sap shall be placed downward.

"Posts.—Posts shall be sawed to proper length for their position

(vertical or batter) to an even bearing on cap and sill. They shall be

drift-bolted to cap and doweled or toe-nailed to sill.

"Sills.—Sills shall be sized at the bearing of posts to one plane.

They shall be doweled to posts and drift-bolted to sub-sills.

"Sway Braces.—All sway bracing shall be properly framed and

securely bolted to piles or posts, when necessary, for pile bents ; filling

pieces shall be used between the braces and the piles on account of the

variation in size of piles, to obtain a bearing against all piles.

"Longitudinal Braces.—Longitudinal struts and X-braces shall be

properly framed and securely bolted to piles or posts.

"Girts.—Girts shall be properly framed and drift-bolted to caps, sub-

sills, posts or piles, as the plans may require.

"Stringers.—Stringers shall be sized to a uniform height. They shall

be laid with alternating joints, provided with packing spools or separators,

and the several lines under each rail bolted together. All continuous

stringers over cap shall be drift-bolted to cap.

"The edges with most sap shall be placed downward.

"Jack Stringers.—Jack stringers, when used, shall be neatly framed

on caps and drift-bolted to cap.

"Ties.—Ties shall be notched over the stringers to a close fit, firm

bearing, and uniform top surface. They shall be spaced regularly, cut

to even length and a line as called for on the plans.

"Every sixth tie shall be spiked at each end to outside stringers,

the spikes to be in the same tie in which the guard rail bolts occur.

When ties are planed to uniform thickness, the rough side shall be

placed upward.

"Guard Rails.—Guard rails shall be neatly notched over every tie,

spliced at joints by half and half splice over a tie.

"They shall be bolted to every third tie, the bolt to be placed in
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the same tie for each guard rail. The splices of guard rail shall be

bolted to the tie underlying the splice.

"Time of Completion.—The work to be completed in all its parts on

or before the A. D., 19. . . .

"Payments.—Payments will be made under the usual regulations of

the Railroad Company."

Mr. C. H. Cartlidge (Chicago, Burlington & Quincy) :—It seems to

me where the specification says, "Ties shall be notched over the stringers

to a close fit," is wrong and out-of-date. Any repairs to a wooden

stringer bridge generally involve the replacing of a portion of the

stringer chord, and if the ties are notched down to a close fit over the

stringers, that adds materially to the labor, and I move that it be

amended to read, "sized to a uniform surface," or any wording meaning

the same thing.

Mr. C. S. Churchill (Norfolk & Western):—! hardly think that

we will get a good floor system with ties not fastened over the stringers.

We follow the same practice of notching ties over the steel stringers

of steel bridges, and I see no argument for not following this course in

wooden structures, whatever form of trestle they may be.

Mr. Cartlidge :—I think the question is different in regard to wooden

and iron stringers. In the case of a wooden stringer, we need very

often four sticks, and each one, under these specifications, has to be

closely fitted. They will vary, within a quarter of an inch, and each

stringer must have its own dap in the tie, and each must be fitted.

If the stringer is taken out, the floor must be jacked up to a greater

height than would be necessary if the tie was simply sized on the

stringer, as recommended. As far as fastening the floor of the tie on

the stringer is concerned, the practice on the road with which I am
connected is to lag-screw the deck to the stringer, and we have no

difficulty. We have abandoned the notching of the ties over stringers

over the whole system, and content ourselves with bolting the deck in

the case of iron stringers and lag-screwing them in the case of wooden

stringers.

Mr. A. S. Markley (Chicago & Eastern Illinois) :—I cannot agree

with Mr. Cartlidge that it is good practice to secure ties to wooden

stringers with lag-screws for the purpose of holding track in line and

only sizing the ties instead of dapping. Trains passing over bridges

cause ties to vibrate more or less. In doing so, lag-screws are likely

to break off, leaving the track unprotected in this direction. The Com-
mittee's recommendation of dapping ties over stringers is certainly the

proper method for practical purposes.

Mr. Cartlidge:—There is nothing in the amendment that I propose

which would prevent notching ties if it is desired to do so.. The point

that I make is that those who do not want to notch them should not be

compelled under this specification to do so. There should be a certain

amount of latitude left in such cases.
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Mr. I. O. Walker (Nashville, Chattanooga & St. Louis) :—In the

two paragraphs relating to ties the Committee have attempted to inject

a bridge design into these specifications, and that being the ca.sc, 1

sliould say that these paragraphs were out of place.

(The motion was carried.)

Mr. McDonald :—The point has been raised that the specifications

carry with them not only workmanship, but design, and I think it is

well taken. I wish to refer back to the place where it says that stringers

shall be drift-bolted to the caps. I do not consider that good practice,

and I think it is unnecessary. We do not do it at all. If you expect

to protect j'our timber by means of galvanized iron, it will be fatal to it.

I do not think the specifications can be adopted in their present form

—

all through them they treat of design rather than the quality of work-

manship, and I move therefore that they be referred back to the Com-
mittee for further consideration with regard to workmanship only.

(The motion was carried.)

The President:—The next item in the report is the "Specifications

for Metallic Details Used in Wooden Bridges and Trestles." The Secre-

tary will read the specifications.

The Secretary :

—

"Specificatioxs for ^Iet.allic Details Used in

Wooden Bridges and Trestles.—General Requirements.—Wrought-

Iron.—Wrought-iron shall be tough, fibrous and uniform in character.

It shall be thoroughly welded in rolling and be free from surface defects.

When tested in specimens of the form of Fig. i (see page 692) or in

full-sized pieces of the same length, it shall show an ultimate strength

of at least 50,cco lbs. per sq. in., an elongation of 18 per cent, in 8 in.,

with fracture wholly fibrous. Specimens shall bend cold, with the fiber,

through 135 degrees, without sign of fracture, around a pin the diameter

of which is not over twice the thickness of the piece tested. When
nicked and bent, the fracture shall show at least go per cent, fibrous.

"Steel.— Steel shall be made by the open-hearth process. It shall

contain not over 0.04 per cent, phosphorus and not over 0.04 per cent,

sulphur, when tested in specimens of the form Fig. i (see page 692) or

full-sized pieces of same length. It shall have a desired ultimate strength

of 50,000 lbs. per sq. in. ; tensile tests of steel showing an ultimate

strength within 5,000 lbs. per sq. in. of that desired will be considered

satisfactory, except that, if the ultimate strength varies more than 4,000

lbs. from that desired, a retest shall be made on the same, w^hich, to

be acceptable, shall be within 5,000 lbs. of the desired ultimate; it shall

1,500.000 . n .

have an elongation of in 8 in. ; it shall bend cold
ult. tens, strength

without fracture 180 degrees flat. The fracture of tensile test shall be

silky.

"Cast-Iron.—Cast-iron shall be made of tough gray iron, with sulphur

not over o.io per cent. If tested on the 'Arbitration Bar" of the Ameri-
can Society for Testing Materials, which is a round bar 1% in. in
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diameter and 15 in. in length, the transverse test shall be made on a

supported length of 12 in. with load at the middle. The minimum break-

ing load so applied shall be 2,goo lbs. with a deflection of at least ,V-in.

before rupture.

"Detail Specifications.—Bolts.—^Bolts shall be of wrought-iron or

steel, made with square heads, standard size, the length of thread to be

2]/2 times the diameter of bolt. The nuts shall be made square, standard

size, with thread fitting closely the thread of bolt. All threads shall be

cut according to U. S. standards.

"Drift Bolts.^Drift bolts shall be of wrought-iron or steel, with or

without square head, pointed or without point, as may be called for on

the plans.

"Spikes.—Spikes shall be of wrought-iron or steel, square or round,

as called for on the plans; steel wire spikes, when used for spiking

planking, shall not be used in lengths more than 6 in.; if greater lengths

are required, wrought or steel spikes shall be used.

"Packing Spools or Separators.—Packing spools or separators shall

be of cast-iron, made to size and. shape called for on plans ; the diameter

of hole shall be ^-in. larger than diameter of packing bolts.

"Cast Washers.—Cast washers shall be of cast-iron. The diameter

shall be not less than 3^ times the diameter of bolt for which it is

used, and not less than %-m. thick ; the diameter of hole shall be ;E^-in.

larger than the diameter of the bolt.

"Wrought Washers.—Wrought washers shall be of wrought-iron or

steel ; the diameter shall be not less than 3^ times the diameter of

bolt for which it is used, and not less than ^-in. thick. The hole shall

be ^-in. larger than the diameter of the bolt.

"Special Castings.—Special castings shall be of cast-iron, made true

to pattern, without wind, free from flaws, and excessive shrinkage

;

size and shape to be as called for by the plans.

"Safe Unit Stresses.—The following allowable unit stresses are

recommended, their values being chosen so as to include the allowance

for impact

:

"Stringers.—For long-leaf yellow pine and Pacific Coast red fir:

1,200 lbs. per sq. in. on the extreme fibers in bending, and 120 lbs. per

sq. in. for shear parallel to the fibers.

"Caps and Sills.—For long-leaf yellow pine and Pacific Coast red

fir : 300 lbs. per sq. in. for bearing on the side of the fibers.

"For white, post and burr oak: 500 lbs. per sq. in.

"Posts and Piles.—For long-leaf yellow pine and Pacific Coast red

/

fir: 1,200— 18— lbs. per sq. in. for the average compression on the

d

cross-section, in which "1" is the length and "d" the least diameter of the

column, both expressed in inches.
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"For white, post and burr oak: i,ooo— 15 — lbs. per sq. in.

d

I

"For Norway pine, cypress and cedar: 800 — 12 — lbs. per sq. in."

d

Prof. Jacoby :—At the bottom of page 113, and at the top of page

114, where the words "Pacific Coast red fir" are used, they should be

replaced by the words "Douijlas fir" as that term is used by the Asso-

ciation in former reports.

Mr. Cartlidge :—I would ask the Committee if in their opinion it

would be necessary in letting contracts for timber trestles to have tests

made of the structural material. It does not seem as if a lot of bolts,

spikes and lag-screws should require testing in the same manner as

structural steel. It would seem as if, having the bolts, it would be an

easy matter to determine whether they w'ould do the work or not.

They are not called upon to stand high stresses or bending stresses,

except perhaps in the case of washers ; and to bring it before the con-

vention, I would move that the specifications for metallic details be

referred back to the Committee with instructions to simplify them so

that they might read rather more as covering surface and workmanship

than the quality of material of which they are composed.

Mr. A. J. Himes (New York, Chicago & St. Louis) :—As to the

necessity of testing material for bolts to be used in wooden trestles, I

will say that at one time I purchased a considerable quantity of bolts

without a specification, and found them very bad indeed—they were hardlj'

fit to use.

Mr. McDonald :—I think the gentleman who made the motion has

overlooked the fact that the material is intended to be used in wooden

bridges.

Mr. Cartlidge;—I understood these details to apply to trestle bridges,

and not to apply to Howe truss bridges.

Mr. C. F. Loweth (Chicago, Milwaukee & St. Paul) :— I notice that

in the paragraph referring to cast washers, that the cast washer is to be

>^-inch thick. That is proper for a ->ij-inch bolt, but for a Howe truss

bridge washer it would be out of the way. I think we should revise

it so as to make the thickness of the washer eciual to the diameter of

the bolt with which it is to be used.

The President:—The Committee accepts that alteration.

Mr. Loweth :—I also suggest that the next to the last clause on

page 113, "Special castings shall be of cast-iron," etc.. be appended to

the requirement for castings, near the top nf the same page. T make a

motion to that effect.

Mr. L. C. Fritch :—It seems to me that the Committee's report as

it stands is proper. In "Special Castings" it refers to the details, while

the paragraph above on "Cast-iron" is a general clause.

(The motion was lost.)

46
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Prof. Jacoby:—It might be better in this case to omit the words

"shall be of cast-iron" and say, "Special castings shall be made true to

pattern," etc.

The President:—If there is no objection, the Committee will be

allowed to make that change.

Prof. W. D. Pence (Purdue University) :—I suggest that the para-

graphs be numbered when printed.

Mr. Loweth :—I would call attention to the fact that when the report

of the Committee on Iron and Steel Structures was under consideration

it was decided by the convention that the safe unit stress in a bridge

floor was two thousand pounds, with an allowance for impact, and we

should certainly change the twelve hundred pounds at the top of page

114 to two thousand pounds.

Prof. Jacoby :—I call attention to the statement in the opening

sentence on the lower part of page 113: "The following allowable unit

stresses are recommended, their values being chosen so as to incfude

the allowance for impact." It will be remembered, in reference to the

report to which Mr. Loweth has called attention, a separate computation

for impact is made, so that uniform unit stresses may b'e adopted. The

idea here is that the unit stresses are taken so low that no separate

addition is made to allow for impact or the effect of moving loads. If

it is desired to change the method of dealing with the unit stresses in

timber structures, or making a separate computation, that might be done

by raising v\\ the stresses. Is it not the general practice in designing

timber structures not to make separate computations for the dynamic

effect of moving loads?

The President:—The chair would ask Mr. Loweth whether the

specification of the CoTririttee on Iron M.nd Steel .Structures, where

they give the allowable extreme fiber stress, did not apply to ties only

and not to stringers? This item, as the chair understands it, applies to

s' ringers.

Mr. Loweth:—That is true. In the specifications for steel structures

we give the unit stresses for ties, and the Committee recommended two

thousand pounds, adding an allowance for impact, as being a safe and

proper stress in the tie. If that is true, then certainly twelve hundred

pounds, without making the same allowance for impact in proportion to

the length of span, is altogether too low a unit stress. I** think in any

impact formula the difiference between the impact on the tie and on the

stringer would not be very great.

Mr. J. W. Schaub (Consulting Engineer) :—I think Mr. Loweth is

laboring under a misapprehension. Prof. Jacoby included that allowance

—

included all impact necessary—and he is perfectly correct. According to

Mr. Loweth, you could not add anything for impact, and two thousand

pounds for fiber stress would he ridiculous. To allow two thousand

pounds fiber stress for a static load would be absurd.

Prof. A. N. Talbot (University of Illinois) :—I desire to ask whether
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the Committee, in selecting unit stresses, intended to include the allow-

ance for impact in the stress recommended for shear parallel to the

fibers (longitudinal shear) in the case of timber stringers, as they evi-

dently did in the unit stress of twelve hundred pounds per square inch

given for the maximum bending fiber stress. If so, it is evident that

the factor of safety for longitudinal shear is considerably less than for

fiber stress. It should be recognized that for ordinary timber stringers

of the length and depth generally used, the longitudinal shearing re-

sistance of the wood is the controlling consideration, rather than the

tensile or compression strength. Many values given for longitudinal

shearing resistance are not applicable to the longitudinal shear of timber

stringers, and their application to beams gives results far beyond the

strength of the pieces. The values given for long-leaf yellow pine in two

of the tables included in the Committee's report are of this kind, and

engineers should be warned against using these values in calculating the

strength of beams. The value given for "shearing with the grain" in

the table of the American Railway Superintendents of Bridges and Build-

ings indicates an ultimate shearing resistance of six hundred pounds per

square inch, and that in the table from Bulletin No. 12 of the Division

of Forestry a resistance of five hundred pounds per square inch. Values

as high as eight hundred pounds per square inch have been quoted. How-
ever, the value given in the table abstracted from Circular No. 32 of thf

United States Bureau of Forestry and credited to Prof. W. K. Hatt is

two hundred and sixty-eight pounds per square inch as the average of

all beams failing by longitudinal shear. Tests made at the University

of Illinois on 7x16x14 feet yellow pine stringers give an average of three

hundred and twenty pounds per square inch shearing resistance developed

in the beams which failed by longitudinal shear. Nearly all of these

stringers failed by longitudinal shear, those failing otherwise having

visible defects which would have insured rejection. Evidently the re-

sistance to longitudinal shear is a more important quality than is generally

recognized. It would seem that the values recommended by the Com-
mittee give a so-called factor of safety for longitudinal shear of 2]4 to

2^4. while for fiber stress the factor is 6 or 6^. It is to be presumed

that the Committee has given this matter consideration.

Prof. Jacoby :—Referring to the remarks made by Prof. Talbot,

the Committee realizes that the amount of experimental knowledge in

regard to horizontal shear on full-size pieces is not as voluminous or sat-

isfactory as is desirable, and in general I think the practice has been to

use a somewhat lower factor of safety for horizontal shear than for

stresses in the outer fibers due to bending. It should be noted that the

value of the unit stress here inserted is less than has been generally

used in other specifications. As a rule, the lowest one to be found in

any specification is one hundred and fifty potmds ; but it was felt that

our present kir^wl^dge based on experimental investigation wf\s such
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that it should be reduced to one hundred and twenty pounds per square

inch, with probably a further reduction to be made later.

The President:—If there is no objection, this portion of the Com-

mittee's report will be accepted as approved.

Prof. Jacoby:—The table on page ii6 should be omitted, and the

table on page 121 should take its place. The note at the bottom of the

table on page 121 should be placed on page 116, under the section relating

to "Pacific Coast red fir," this term being replaced by "Douglas fir" in all

cases.

The President :—If there are no suggestions for the work of the

Committee for the coming year, they will be excused with the thanks of

the Association.

W. K. Hatt (Purdue University—by letter) :—There are a few

minor matters in the report which, in the opinion of the writer, can be

improved.

In the specifications for bridge and trestle timbers, under the head-

ing, "General Requirements," the term "wind shakes" should be re-

placed by the term "ring shakes." The size of pitch seams should

be stated, because small pitch seams are very minor defects. The limi-

tation to slow growth possesses but little significance. What is wanted

is a wood that shows a large proportion of large summer growth. The

wood next to the bark of a large tree, which is put on during the

post-mature period of its growth, is of slow growth, but has little

strength and durability. The best wood in the conifers is usually found

about two-thirds of the distance from the center to the bark. This is

wood usually of a vigorous growth, but containing a large proportion

of hard summer v.'ood. I would suggest the following substitution for

the paragraph under the heading, "General Requirements:"

"All timber shall be cut from sound trees, grain to show a large

proportion of hard summer wood ; to be sawed to full size, rectangular

in section and out of wind. It should be free from wind shakes, un-

sound knots, or sound knots over 1J-2 in. in diameter except as specified,

knots in groups, large pitch seams, decay or defects that would impair

its strength or durability."

I would suggest using the word "annual" in conjunction with the

word "rings" in all cases.

With reference to the allowance of knots in stringers, I believe the

following specifications will lead to the selection of good stringers

:

"Longleaf Pine.—Shall show not less than 85 per cent, of heart

on each o[ the four sides measured across the side anywhere in the

length of the piece. Sound knots less.' than 3 in. in diameter will be

pehnitted' in "the vertical faces of the ,stririgci- at points not less than

nnc-quarter the depth from the edge of the piece.

"Douglas Fir.—Shall show not les^ than 85 per cent, of heart on

any face, and not less than 70 per cent, on any edge ; shall show not

less than an average of 12 annual rhigs per inch. Sound knots les?;.
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than 3 in. in dianictei" will be ptrniittcd in the vciiical faces of the

stringer at points not less than one-qnarler the depth from the edge

of the piece."

It is found as the result of tests of u large number of stringers

that knots occurring in the vertical face of a beam not less than one-

quarter the depth from the edge of the piece do not diminish the

strength compared with that of a clear stick. Knots occurring any-

where outside of the middle two-thirds of the length of a stick do not

diminish its strength.

The clause "sound sapwood will be permitted on two corners of

the stringer," seems to be contained in the first clause of the specification

for Douglas fir stringer.s, and, therefore, is unnecessary.

Longitudinal X-Braces, etc.—The intended meaning of the limitation

of heart is not clear to the writer.

Douglas Fir Piling.—The sense of the specification only allows fir

grown in Oregon. The word "Oregon" should be cut out before the

word "fir."

Safe Unit Stresses.^—Taking 1,200 lbs. per sq. in. on the extreme

fibers in bending, and 120 lbs. per sq in. for shear parallel to the fibers, it

will be found that for 8x16 stringers 12 ft. long these fiber stresses cor-

respond to the same total load on the beam. Under this load, however,

the factor of safety in bending is about s^A, and in shear is about 2.3.

Under "Caps, Sills, Posts and Piles," the words "Pacific Coast

red fir" should be changed to read "Douglas fir."

Since, at times, the design of stringers is governed by the amount

of deflection allowed, some recommendation for the modulus of elas-

ticity should be made by the Committee. A modulus of elasticity of

750,000 lbs. per sq. in. in bending will yield a factor of safety of 2

against quickly-applied loads, and will give very nearly the actual de-

flection for dead loads.

In the tables showing the strength of timber, following the Com-

mittee report, it will be found that the table on page 121 includes the

values given in the table on page 116. The latter should be omitted

and replaced by the table on page 121.

I regard the average safe unit stresses reconunended by the Com-

mittee of the American Association of Raihvay Superintendents of

Bridges and Buildings as satisfactory. The factor of safety, however,

for shear with the grain will not be as large as given in the table.

There is a large amount of loblolly pine and short-leaf pine grown

imder conditions which produce heavy, strong wood, with a considerable

percentage of heart. This wood is equally strong with longleaf pine

and Douglas fir, although, being sapwood, it is not so durable. How-
ever, for temporary trestle work it is equally available with these woods.
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CONSTITUTION.

REVISED AT THE FIFTH ANNUAL CONVENTION.

ARTICLE I.

Section i. Name: The name of this Association shall be "The
American Railway Engineering and Maintenance of Way Associa-

tion."

Section 2. Location : The offices of the Association shall be

located in Chicago, 111.

Section 3. Object: The object of this Association shall be the

advancement of knowledge pertaining to the scientific and economical

location, construction, operation and maintenance of railroads.

Section 4. Means : The means to be employed for this purpose shall

be as follows

:

(a) Meetings for the reading and discussion of papers and for

social intercourse.

(b) The investigation of matters pertaining to the objects of this

Association through Standing and Special Committees.

(c) The publication of papers, reports and discussions.

(d) The maintenance of a library.

ARTICLE II.

MEMBERSHIP.

Section i. The membership of this Association shall be divided into

two classes, viz.. Active and Honorary.

Section 2. Any Civil, Mechanical or Electrical- Engineer who has

had five (5) years' experience in the location, construction or mainte-

nance of railroads, or a Professor of Engineering in a College of recog-

nized standing, and any railroad official who is responsible for or has

supervision of Maintenance of Way (embracing all grades of officials

from General Managers to Engineers of Maintenance of Way in charge

of Divisions, inclusive), or railroad men bearing other titles but perform-

ing similar duties, shall be eligible for Active membership; provided,

however, that an applicant, to be eligible for membership, shall be not

less than twenty-five (25) years of age.

Section 3. An Honorary member shall be a person of acknowledged

eminence in railway engineering or management. The number of

Honorary members shall be limited to ten. Honorary members shall

have all the rights of Active members, except those of voting and

iiolding office.
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Section 4. Persons who are exclusively engaged in the sale or pro-

motion of railroad patents or appliances shall not be eligible for nor re-

tain Active membership in this Association.

ARTICLE III.

ADMISSIONS AND EXPULSIONS.

Section i. The Qiarter membership shall consist of all persons

who are eligible for membership under the provisions of Article II, and

who may make application to the Secretary of the Preliminary Or-

ganization and receive a majority of the votes of the Organization Com-
mittee (composed of the Chairman and Secretary of the Preliminary

Organization and the five persons constituting the Committee to pre-

pare a Constitution and By-Laws), and pay the entrance fee, herein-

after provided for, within thirty days from the date of the adoption

of this Constitution.

Section 2. After the expiration of said thirty days any person

desirous of becoming a member shall make application upon the form

prescribed by the Board of Direction, setting forth in a concise state-

ment the candidate's name, age, residence and technical and practical

experience. He shall refer to at least three members to vvrhom he is

personally known, each of whom shall be requested by the Secretary

to certify to a personal knowledge of the candidate and his fitness for

membership in the Association. An application shall not be consid-

ered by the Board which has not been formally endorsed by three

members of the Association.

Upon receipt of an application properly endorsed, the Board of

Direction, through its Secretary, or a Committee on Applications to be

appointed by the Board of Direction from among its own members,

shall make such investigation of the candidate's fitness as may be

deemed necessary. The Secretary of the Association will furnish copies

of the information obtained, together with a copy of the application, to

each member of the Board of Direction. At any time, not less than

thirty days after the filing of the application, the admission of the ap-

plicant shall be voted on by letter-ballot by each member of the Board

of Direction. Affirmative votes by two-thirds of the Board of Direc-

tion shall elect the candidate; provided, however, that should an appli-

cant for membership be personally unknown to three members of the

Association, due to residence in a foreign country, or in such a portion

of the territory of the United States as precludes him from a suffi-

cient acquaintance with members of the Association, he may refer to

well-known men engaged in railroad or allied professional work, upon
the form above described, and such application shall 1-e considered by

the Board of Direction in the manner above set forth, and the applicant

may be elected to membership by a unanimous vote of the Board of

r)irection.

Section 3. All candidates, after due notice from the Secretary of

their election, shall subscribe to the Constitution and By-Laws on forms
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prescribed by the Board of Direction. If this provision be not complied
with within six months of said notice, the election shall be considered null

and void.

Section 4. Any person' having once been an Active member of

the Association, and having, while in good standing, resigned from such

membership, may at a subsequent date be restored to Active membership
without the payment of a second entrance fee

;
provided his applica-

tion for reinstatement is signed by five members, certifying to his fitness

for re-election, and such application is favorably passed upon by the

Board of Direction by a two-thirds majority vole of the entire Board.

Section 5. Honorary members shall be proposed by at least ten

Active members to the Secretary. Each member of the Board of

Direction shall be furnished with a copy of the proposal, and after thirty

days votes by ballot shall be taken by the Board of Direction thereon.

If a candidate shall receive the unanimous vote of said Board, he shall

be declared elected an Honorary member.

Section 6. Expulsions : On written charges preferred by ten or

more members, addressed to the Secretary of the Association, the mem-
ber complained of shall be served with a copy of said charges, and

shall be called upon to show cause to the Board of Direction why he

should not be expelled from the Association. Thirty days after said

member has been properly notified of the charge preferred against him, a

vote shall be taken on his expulsion, and he may be expelled upon a two-

thirds vote of the Board of Direction.

Section 7. Resignations : It shall be the duty of the Board of

Direction to accept the resignation, tendered in writing, of any member
whose dues are fully paid up.

ARTICLE IV.

Section i. An initiation fee of $10.00 shall be payable to the Sec-

retary with each application for membership ; this sum is to be re-

turned to the applicant, however, who is not elected.

Section 2. The annual dues of this Association shall be $10.00,

payable annually, during the first three months of each calendar year

for the current year.

Section 3. Any person whose dues remain three n^onths in arrears

shall be notified of same by the Secretary. Should the dues in arrears

not be paid prior to July ist of each year, the delinquent member shall

lose his right to vote, but shall continue to receive the publications of

the Association. Should his dues become nine months in arrears he

shall be notified on the form prescribed by the Board of Direction, and

he shall no longer receive the publications of the Association. If the

delinquent dues are not paid by the first of the following year, he shall

forfeit his membership with the Association without further action or

notice.
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Section 4. The Board of Direction may, however, extend the time

of payment of dues and for the application of these penalties. The

Board of Direction may also, for sufficient cause, excuse from payment

the annual dues of any member who, from ill-health, advanced age or

other good reason, is unable to pay his dues.

ARTICLE V.

OFFICERS.

Section i. The officers of this Association shall consist of a Presi-

dent, a First Vice-President, a Second Vice-President, six Directors, a

Secretary and a Treasurer, who, together with the four latest living

Past-Presidents who are Active members, shall constitute the Board

of Direction, in which the government of the Association shall be vested,

and who shall act as Trustees and have the custody of all property be-

longing to the Association. 'Ilie offices of First and Second Vice-Presi-

dent shall be determined l)y the priority of the respective dates of

election of the two Vice-Presidents.

Section 2. The term of office of the President shall be one year:

that of the Vice-Presidents two years: that of the Directors three

years, and of the Secretary and the IVeasurer one year, with the

exception, however, that at the first election of officers after the adop-

tion of this Constitution one Vice-President and two Directors shall

l)e elected to serve one year; one Vice-President and two Directors for

two years, and two Directors for tliree years : provided, also, that after

the first annual election, one Vice-President and two Directors shall be

elected each }car, in addition to the President, Sccretarx- and Treasurer.

Section 3. The President shall not be eligible for re-election to

(hat office until the period of eight years shall have elapsed after the

expiration of his previous term of office. The Vice-Presidents and Di-

rectors shall not be eligible for re-election to the same office until at

least one full term shall have elapsed after the expiration of their pre-

vious term of office.

Section 4. The first election of officers under this Constitution shall

be held by the Preliminary Organization of Charter members immedi-

ately after the adoption of this Constitution, and the officers so elected

shall at once assume office. The term of each officer shall begin at the

close of each election and shall continue until his successor shall be

elected.

Section 5. Any vacancy in the office of President shall be filled by

the First Vice-President. A vacancy in the office of cither of the Vice-

Presidents shall be filled by election from among the Directors. In

case of the disability or neglect in the performance of his duty of any

officers of this Association, the Board of Direction, by a two-thirds ma-
jority of the entire Board, shall have power to declare the office vacant.

Vacancies in any office for the unexpired term shall be filled by the

Board of Direction, except vacancy in (he office of President, as pro-

vided above.
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Section 6. At least thirt}' days before each annual meeting, the

Board of Direction, who shall act as a Nominating Committee, shall

nominate to the Association a list of ofncers for the next ensuing year.

At any time prior to the thirty days before the annual meeting any ten

members of the Association shall have the right to nominate officers for

the ensuing year. Thirty days prior to each annual meeting the Sec-

retary shall issue ballots to each member of record in good standing,

with a list of the several candidates to be voted upon, whose names
shall be placed in alphabetical order if more than one person is nomi-
nated for any position. Ballots .shall be placed in a sealed envelope,

with the name of the member voting endorsed thereon, and deposited

with the Secretary at any time previous to the annual meeting. At the

annual meeting three tellers shall be appointed, who shall open and
count the ballots and report the result thereof. The majority of votes

cast for any nominee shall determine his election.

ARTICLE VI.

COMMITTEES.

Section i. The Board of Direction shall meet within thirty days

after each annual meeting, and shall appoint from among its members
a Finance Committee of three, a Library Committee of three and a

Committee on Publications of three. These Conmiittees shall report to

the Board of Direction and perform their duties under its supervision:

Section 2. The Finance Committee shall have immediate supervision

of the accounts and financial affairs of the Association ; shall approve all

bills before payment, and shall make recommendations to the Board of

Direction as to the investment of moneys and as to other financial mat-

ters. The Finance Committee shall not have the power to incur debts

or other obligations binding the Association, nor authorize the payment
of money other than the amounts necessary to meet ordinary current ex-

penses of the Association, except by previous action and authority of the

Board of Direction.

Section 3. The Library Committee shall have general supervision of

the library of the Association and property therein.

Section 4. The Committee on Publications shall have general su-

pervision of the publications of the Association.

Section 5. The Board of Direction may appoint such Standing

Committees as it may deem best, to investigate, consider and report

upon methods or appliances pertaining to the general question of rail-

road location, construction or maintenance.

It shall be within the province of the Board of Direction to invite

discussions of reports from sources outside of the Association from

those who are especially qualified by their learning and experience to

add to the value of the report under consideration ; and such discussions

may be printed in the Bulletins prior to the regular annual meeting, and,

if approved by the vote of the Association, shall be included in the pub-

lished Proceedings of the Association.
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Section 6. Special Committees to examine into and report upon

any subject connected with the purposes of this Association may be ap-

pointed in the following manner

:

A resolution to appoint such Committee, setting forth its objects and

the number of its members, may be presented by letter at any time to

the Secretary of the Association, if signed by ten Active members, and

shall be referred by him to the Board of Direction, which, if it sees fit,

may appoint such Committee. If the Board of Direction should not deem

it expedient to appoint such a Committee, the members requesting the

appointment of such Committee shall be notified, and the matter will

then be referred to the Association at its next annual meeting and decided

upon by ballot. If two-thirds of the members present vote in favor of

such Committee it shall be appointed by the President.

ARTICLE VII.

MANAGEMENT.

Section i. The President shall have a general supervision of the

affairs of the Association. He shall preside at all meetings of the

Association and at all meetings of the Board of Direction, and shall be

ex-ofiicio member of all Committees.

The Vice-Presidents in order of seniority shall preside at meetings

in the absence of the President, and discharge his duties in case of a

vacancy in his office.

Section 2. The Board of Direction shall manage the affairs of the

Association and shall have full power to control and regulate all mat-

ters not otherwise provided for in the Constitution.

Section 3. The Treasurer shall receive all moneys and deposit same

in the name of the Association, and shall receipt to the Secretary there-

for. He shall invest all funds not needed for current disbursements as

shall be ordered by the Board of Direction. He shall pay all bills, when

properly certified and audited by the Finance Committee, and make such

reports as may be called for by the Board of Direction.

Section 4. The Secretary shall be. under the direction of the Presi-

dent and Board of Direction, the Executive officer of the Association.

He shall attend all meetings of the Association and of the Board

of Direction, prepare the business therefor, and duly record the pro-

ceedings thereof. He shall see that all moneys due the Associa-

tion are carefully collected and without loss transferred to the cus-

tody of the Treasurer. He shall personally certify to the accuracy of

all bills or vouchers on which money is to be paid. He is to conduct

the correspondence of the Association and keep proper record thereof,

and perform such other duties as may be assigned to him from time to

time by the Board of Direction.
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ARTICLE VTII.

MEETINGS.

Section i. The regular annual meeting of the Association shall be

held in the City of Chicago, commencing upon the third Tuesday in

March of each year, and at such place in said city as' may be selected by

the Board of Direction. Twenty-five Active members shall constitute

a quorum. Other meetings of the Association may be held at such

times and at such places, either within or without the City of Chicago,

as the Board of Direction may select. The Secretary shall notify all

members of the time and place of all meetings of the Association at least

thirty days in advance thereof.

Section 2. The Board of Direction shall meet at such times and at

such places as the President may direct. Five members of the Board

of Direction shall constitute a quorum.

Section 3. The order of business at meetings of the Association

shall be as follows

:

1. Reading of Minutes of last meeting.

2. Address of the President.

3. Reports of the Secretary and Treasurer.

4. Reports of Standing Committees.

5. Reports of Special Committees.
6. Unfinished business.

7. New business.

8. Election of officers.

9. Adjournment.

This order of business, however, may be varied from on a majority

vote of members present at any meeting.

Section 4. Discussions shall be limited to members and to those in-

vited to speak by the Presiding Officer.

ARTICLE IX.

AMENDMENTS.

Section i. Proposed amendments to this Constitution must be

made in writing and signed by not less than ten Active members, and

shall be acted upon in the following manner

:

The amendments shall be presented to the Secretary, who shall send

a copy of same to each member of the Board of Direction as soon as

received. If at the ne.xt meeting of the Board of Direction a

majority of the Board are in favor of considering the proposed amend-

ments, the matter shall then be submitted by letter to each Active mem-
ber of the Association for voting by ballot, and the result announced

by the Secretary at the next annual meeting of the Association. In

case two-thirds of the votes received are affirmative, the amendments

shall be declared adopted. Amendments so adopted shall take effect

thirty days thereafter.



GENERy\L RULES FOR THE PREPARATION OE COMMITTEE
REPORTS.

(i) Siibiiiit condensed statement of meetings held and names of

members in attend'ancc; also personnel of sub-committees appointed for

special subjects.

(2) Review briefly last report, describing action taken by the Asso-

ciation thereon, enumerating in their order all conclusions adopted,

referring to volume and page of Proceedings. Submit recommendations

for changes in previously adopted reports when deemed advisable, and

include specifications or standards adopted at the last convention.

(3) Make special effort, by personal request and letters, to secure

written discussion of past reports as a guide for future action.

(4) Frame reports to conform as far as possible to the following

general plan

:

First—Historical.—A brief account of the history of the subject-

matter of the report, giving an outline oi the origin and development of

the same.

Second—Analytical.—An analysis of the subject-matter of the report,

especially of the most important elements thereof.

Third—Argument.—A statement giving the advantages in favor of

the recommended practices and the disadvantages of the old or present

practices.

Fourth—Conclusions.-—The final recommendations for the adoption

of the various elements of the report in the order of sequence, expressing

in succinct language the action which it is desired the convention is to

take.

Fifth—Definitions.—Submit definitions of technical terms used in the

report, the meaning of which is not clearly established, defining them

only from a professional standpoint. Group or tabulate definitions ac-

cording to their analytical sequence or for convenience of discussion and

reference.

Sixth—Plans.—The title of the drawings or plans submitted with

reports to be placed in the upper right-hand corner, together with the

following lettering

:

Am. Ry. Eng. & M. W. Assn.
Convention of 190. .

Committee on
(Title of drawing.)

(5) The collection and compilation of data and subsequent analysis

in the form of arguments and criticism is a necessary and valuable pre-

liminary element of all committee work, but the ultimate aim of all the

Association's efforts should be to produce permanent results. This can be

best accomplished by having all committee work tend toward the presen-

tation to the Association of concise conclusions, recommendations, speci-

fications, standards, plans, etc.. suitable for adoption and recommendatiou

as good practice.
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GENERAL RULES FOR CONSIDERATION AND PUBLICATION
OF COMMITTEE REPORTS.

(i) N(j report shall come before the convention for discussion

unless it has been published in the Bulletin.

(2) Written discussions on published reports will appear in subse-

quent Bulletins. The last Bulletin before the convention will appear

about February ist. Discussions received between December 31st and

February 15th which do not appear in the last Bulletin will be published

in leaflet form. The convention will be held about the middle of March
of each year. Discussions received after February 15th will not be pub-

lished prior to the convention, but will be transmitted to the respective

committees as soon as received. Reports for which no definite date for

publication has been fixed by the Board of Direction must be presented

not later than December 31st. Reports received after December 31st will

not come before the following convention for discussion ; will be withheld

from the public press, published in a Bulletin after the convention, and

considered at the next convention.

(3) Reports will be considered by the convention in the order of

their publication in the Bulletin, unless the convention by a two-thirds

majority maj^ decide to give precedence to one or more particular reports,

(4) No report shall be published in the Proceedings unless it shall

have been acted upon by the convention. Reports coming before the

convention and not being acted upon for lack of time will be pubHshed
in subsequent Bulletins, together with all written discussions presented to

the Secretary thereon, at times fixed by the Board of Direction.

(5) The method of consideration of reports will be as follows:

(a) Reading by title.

(b) Reading, discussing and acting upon each conclusion separately.
(c) By majority vote discussion will be had of each item. Clauses not

objected to when read will be considered as voted upon and
adopted.

(6) Action .by the convention on reports will be one of the follow-

ing after discussion is closed:

(a) Receiving as information.

(b) Receiving as a progress report and referring back to committee.
(c) Adoption of a portion and referring remainder back to committee.
(d) Adoption as amended,
(c) Adoption as submitted.

(7) Reports will be published in the Proceedings in their original

form, as presented by the committee ; but the Secretary will prepare for

convenience of reference a summary of the alterations ordered by the

Association and insert the same immediately after the signature of the

^ommittte and preceding the discussion.
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(8j All (liscussimis, Imlli oral :inil wiitlin, will he published in the

Proceedings, l^ach speaker's remarks will 1)C submitted to liim in writing

before publication in the Proceedings for correction of diction and errors

of repnrtini;-, bnl not fur the elimination of remarks.

(q) All eonmiittee nrganizations are to be considered pernianent

unless changes arc made by the Board of Direction.

(lo) As soon as possible after each annual convention the Board of

Direction will announce the outline of committee work for the next

cnnventidu, with list of committeemen.

(ii) Reports as fmally adcipted by the Association will be published

from time to time in a volume to be entitled "Manual of Recommended
Practice for Railway Engineering and Maintenance of Way, containing

the Definitions, Specifications and Principles of Practice adopted and

recommended by the American Railway Engineering and Maintenance of

Way Association."

GENERAL RULES FOR PUBLICATION OF "MANUAL OF REC-
OMMENDED PRACTICE."

(i) The title of the volume will be "Manual of Recommended

Practice for Raikvay Engineering and Maintenance of Way, containing

the Definitions, Specifications and Principles of Practice adopted and

recommended by the American Railway Engineering and Maintenance of

Way Association," edited under the direction of the Committee on Pub-

lications and publication approved l)y the Board of Direction.

(2) The adoption liy the Association and subsequent publication of

any matter in the Manual shall be considered in the nature of recom-

mended practice and shall not be binding on the members.

(3) The Manual shall only include resolutions, conclusions, recom-

mendations, plans, etc., relating to definitions, specifications or principles

of practice of such questions connected with railway engineering and

maintenance of way work which have been made the subject of a special

study by a standing or special committee and embodied in a committee

report, published not less than thirty days prior to the annual conven-

tion, and submitted by the committee at the annual convention, and

which, after due consideration and discussion, shall have been voted on

and formally adopted by the Association.

(4) Any matter published in the Manual may be amended, revised,

extended or withdrawn by vote at any subsequent annual convention,

provided such changes are proposed in time for publication not less than

thirty days prior to the annual convention, and in the following manner:

(a) Upon recommendation of the committee in charge of the subject;

(b) upon recommendation of the Board of Direction; (c) upon request

of five members, subject lo the action of the Board of Direction under

Rule (6).

(5) All resolutions, conclusions, recommendations, specifications,

standards, etc.. in order to be included in the ]\Tanual must be in concise
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and proper final shape for publication, as the Manual will consist only

of a summary record of the definitions, principles of practice, specifica-

tions and standards recommended by the Association, with a brief ref-

erence to the published Proceedings of the Association for the context of

the committee report and subsequent discussions and the final action of

the Association.

(6) The Board of Direction shall have authority to exclude from
the Manual any matter which, in its judgment, it shall consider as not

desirable to publish, or as not being in proper shape, or as not having

received proper study and consideration.

(7) The Manual will be revised annually and kept up-to-date by

publishing a new edition or a supplemental pamphlet as promptly as

possible after each convention.

INSTRUCTIONS TO COMMITTEES— OUTLINE FOR 1905-1906.

f;ENER.\L FOR ALL COMMITTEES.

Review, revise and supplement, if thought desirable, all matter pub-

lished in the "Manual of Recommended Practice," and give the necessary

notice of any recommended changes in accordance with Clause "a," Arti-

cle 4, of the General Rules for the Publication of the Manual of Recom-
mended Practice.

In presenting new matter for consideration of the Association, with

a view to having same subsequently appear in the Manual, aim to have

all conclusions, recommendations, specifications, standards, etc., in concise

and proper final shape, suitable for publication in the Manual.

Descriptive and argumentative matter will not be published in the

Manual unless brief and absolutely essential to a proper understanding

of the context or plans.

Resubmit any matter presented in previous reports on which the

Association has not acted, and which the Committee desires to have

considered, and state concisely what sections are to be so considered and

what action the Committee desires. It will not be necessary to include

such matter in the Committee report, but refer to the previous publica-

tion of same in the Proceedings, unless the changes in the previously

published version are extensive. Minor changes can be explained in the

text of the Committee report.

At the end of the Committee report, state concisely what action the

Committee desires to have taken on the various parts of the report, and

especially the sections recommended for publication in the Manual.



I. COMMITTEE ON ROADWAY.

(i) Submit general specifications for a modern steam shovel for

roadway construction.

(2) Submit a blank form that can be recommended to show the

results of steam shovel work, including quantity of material moved and

itemized cost of same.

(3) Consider the question of grade and curve improvement work,

as it applies to conditions inside cities, such as track elevation and de-

jy^ession, confining these investigations to the consideration of practical

methods and organization, and omitting the economic features.

(4) Tabulate and prepare information bearing upon the subject

of the general practical work of grade and curve improvement work,

confining these investigations to the consideration of practical methods

and organization, and omitting the economic features.

(s) Report on the best method of determining the size of water-

ways.

(6) Report on the result of the letter-ballot upon the overhaul

clause presented by the Committee at the annual convention.

II. COMMITTEE ON BALLASTING.

( 1 ) Prepare ballast cross-sections for single and double track in

line with the action of the Association at the annual convention and

for the three classes of track presented in the report of the Special

Committee on Classification of Track, giving special consideration to

the necessary depth of ballast imder the ties. A careful study of special

literature upon the subject of ballasting should be made.

(2) A review of the customary recommended practice for prepara-

tion and delivery of various classes of ballast, with cost of handling

same, if practicable.

(3) A review of tho advantages and disadvantages of the various

types of ballast, including rock, slag and gravel, and the different quali-

ties of gravel with reference to the amount of sand or clay contained.

(4) A review of the customary practice and practicability of treat-

ing rock ballast which has become foul under the ties.

(5) Confer with the Committee on Ties and upon Track relative

to the size of ties, and how ballast cross-sections would be affected

by the same.
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III. COMMITTEE ON TIES.

(i) Continue the compilation of statistics upon the Hfe of ties, both

treated and untreated, and the causes of failure, whether from decay,

wear or spike cutting; and confer with the Committee on Track upon
the latter conditions.

(2) Recommendations for size of ties to be used with the three

classes of (rack, conferring with the Track and Ballasting Committees.

(3) A review of the specifications now in use for the treatment

of tie timber.

(4) Recommendations or a review of the proper methods of analy-

sis for creosote oils.

(5) Information upon the subject of the design and use of con-

crete and steel ties.

(6) A review of the sources of tie supply and their conservation

and probable results of forest planting for future supplies.

IV. COMMITTEE ON RAIL.

(i) Confer with the Committee on Rail of the American Society

of Civil Engineers and report on any recommended changes in specifi-

cations.

(2) Continue the investigation of the breakage and failure of I'ails

and report upon the apparent causes for such failures.

(3) Report, if possible, upon the results of the use of open-hearth

steel rail and the chemical composition of such rails.

(4) Recommendation as to limiting the number of standard rail

sections.

V. COMMITTEE ON TRACK.

(i) Review the subject of turnouts and turnout material, including

the best types of switchstands, switch points, frogs, guard-rails and

throat clearance, bearing in mind the possibility of an increase of the

thickness of wheel flanges and the effect of worn tires and wheels upon

the various parts of turnouts, frogs and crossings.

(2) Report upon the tiling of wet cuts and the curing of slides.

(3) Report upon whether the recommendations for drilling of rails

be reconsidered, and reasons for such recommendation, if advised.

(4) Confer through a sub-committee with the American Railway

Master Mechanics' Association upon the subject of widening the gage

on curves as affected bj' the different lengths of engine wheel base and

arrangement of flanged wheels.

(5) Confer with Committee on Ties relative to causes of destruc-

tion of ties and size of tie.

(6) Confer with Ballasting Committee relative to ballast cross-

sections and their effect upon track maintenance.
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VI. COMMITTEE ON BUILDINGS.

(i) Report on the current practice and designs for locomotive coal-

ing stations, showing typical plans, with discussion of salient features of

each.

(2) Review the report upon roundhouses presented to the conven-

tion of 1906, making such additions or changes as may be considered

advisable; also recommend the proper grade from stalls to turntable

for circular roundhouses.

(3) Review the current practice with results of placing sheds over

freight-car repair tracks.

VII. COMMITTEE ON WOODEN BRIDGES AND TRESTLES.

(i) Review and prepare specifications for workmanship for pile and

timber trestles to be built by contract.

(2) Co-operate with the Committee on Structural Materials of the

American Society for Testing Materials with a view, if possible, to the

preparation of a joint specification for structural timber.

(3) Continue the compilation of data upon the cost of construction,

maintenance and life of ballast floor trestles of the dififerent lypes now

in use, with designs explanatory of the types considered.

(4) Extend list of recommended safe unit stresses for timber, if

considered desirable.

(5) Report on classification of the Washington or Northwest tim-

bers and recommended standard names for principal varieties in use for

railroad structural work.

VIII. COMMITTEE ON MASONRY.

(i) Appoint a sub-committee to co-operate with the Joint Com-

mittee on Concrete and Reinforced Concrete.

(2) Review and edit the specifications for stone masonry presented

in Bulletin No. 72, bearing in mind the suggestions offered at the annual

convention in March.

(3) Investigate and report upon the most economical size or com-

bination of sizes for stone to be used in stone concrete as applied to

the dififerent classes of work. This may be a portion of the work of

the sub-committee.

(4) Collect data upon the reported failures of concrete structures

and the probable causes of same. This may be assigned to the sub-

committee, if thought desirable.

(5) Investigate and report upon the waterproofing of masonry^

—

methods, results, cost and recommended practice.

(6) Present typical standard designs now in use for ma.sonry

culverts, both stone and concrete.
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IX. COMMITTEE ON SIGNS, FENCES, CROSSINGS AND
CATTLE-GUARDS.

(i) Report upon the styles of gates for right-of-way fences, with

typical designs actually in use, bearing in mind the width of opening

required by law or custom, and the probable increase of such width

in grain-producing States.

(2) Present data upon the various kinds of fence posts in use, with

comparative results obtained.

(3) Report upon the best form of public highway and private grade

crossings, with especial reference to flangeway ; also, the most eflfective

types of safety signals or crossing gates for public highway crossings

in thickly-settled communities.

(4) Report upon the comparative cost and economy of metal and

wooden signs.

X. COMMITTEE ON SIGNALING AND INTERLOCKING.

(i) Revise and amend, where necessary, the various features of

the report presented at the annual convention in March.

(2) Investigate and report more fully, with recommendations, upon

the subject of the upwardly inclined semaphore arm.

(3) Review, with recommendations, the subject of the operation

and maintenance of interlocking plants.

(4) Confer, if possible, with the Joint Connnittec on Interlocking

and Block Signals of the American Railway Association upon the sub-

ject of standard rules and their effect upon the design, construction,

maintenance and operation of interlocking and block signal plants.

XI. COMMITTEE ON RECORDS, REPORTS AND ACCOUNTS.

(i) Present revised forms for approval.

(2} Prepare and present a form for Authority for Expenditure,

covering estimate and approval authority in one or separate forms, as the

Committee may decide advisable.

(3) Prepare and recommend standard conventional signs for right-

of-way and topographical maps.

XII. COMMITTEE ON UNIFORM RULES, ORGANIZATION,
ETC.

(1) Revise and supplement "General Rules fur Government of Em-

ployes of the Maintenance of Way Department'* from and below the

position of Supervisor, including track, structures and signals, under

separate general rules, if considered advisable.

(2) Consider the suggestions made at the annual convention that
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"Water Service"' should 1)e classed under a separate subdivision, with

recommendations.

(3) Consider the possibility of a general form of contract applicable

to all classes of railroad work.

XIII. COMMITTEE ON WATER SERVICE.

(1) Consider and report more fully upon the minimum amount

of scaling matter which will justify treatment, and the composition as

affecting the same.

(2) Report more fnll}^ upon the use of barium hydrate for soften-

ing water and its advantages as compared with re-agents in common
use for treatment of water containing salts of lime and magnesia.

(3) Report upon the comparison of various tj'pical methods in

use for softening water, cost of installation, maintenance, operation and

resulting economy as compared with the use of untreated water.

(4) Consider the effect upon boilers and upon the operation of

locomotives by the increase of soluble salts producing foaming water,

resulting from the treatment of hard water.

(5) Consider and report upon some of the typical structures and

methods of ordinary water supply for railroads.

(6) Report upon the use of coal and gasoline as motive power

for pumping plants, with relative economy of each, under different

conditions.

XIV. COMMITTEE ON YARDS AND TERMINALS.

(i) Continue the investigation into the requirements of hump yards,

including the proper frog angle for ladder tracks ; location of scales

;

length of grades and rates of gradient through classification yards;

electric lighting for night service; best method of operation with respect

to classifying and the proportion of yard engines used to one hump
engine.

(2) Freight transfer houses and terminal freight houses in large

terminals, more particularly with reference to freight handling machin-

ery and track layout ; arrangement of buildings and platforms and

economical limit of number of cars standing upon parallel tracks through

w'hich freight can be trucked.

XV. COMMITTEE ON IRON AND STEEL STRUCTURES.

(1) Revise, in accordance with the action of the convention, the

"General Specifications for Steel Railroad Bridges," Parts I and II.

Furnish table of contents and index and present in final shape for

publication in tlie igo6 Proceedings and Manual.

(2) Consider and report upon the advisability of clianging the
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phosphorous limit in steel castings from .08 to .06; also increase of the

ultimate tensile strength of structural steel to 62,000 lbs. per sq. in.

(3) Report upon movable bridges and special metals.

(4) Report upon the care of existing bridges, inspection, methods

of field work, records of inspection and classification as to safe carrying

capacity and protection of structures from corrosion.

XVI. COMMITTEE ON ECONOMICS OF RAILWAY LOCATION.

(i) Continue the consideration of all questions connected with

railway location, grades, lines and improvements of grades and lines

affecting the economic operation with relation to traffic, tonnage ratings,

speed, density of traffic and financial considerations, with the special aim

in view of establishing uniform methods and unit values for investi-

gating and analyzing the relative changes and costs of comparative

routes or proposed grade reductions and line corrections.

• SPECIAL COMMITTEE ON CLASSIFICATION OF TRACK.

(i) Report results of letter-ballot of Committee report presented

at the 1906 convention and any further recommendations upon the

subject.

(2) Investigate and present on any further subdivision or dis-

tinctive characteristics governing the classification of track that the

Committee may consider pertinent.
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ORGANIZATION OF COMMITTEES FOR 1906-1907.

I. ROADWAY.

H. J. SiJFEU, Contracting Engineer, New York, Chainnan.

R. C. Barnard, Superintendent, Pennsylvania Lines, Cincinnati, Vtce-

Chairtnan.

John C. Beve, Resident Engineer, Union Pacific Railroad, Kansas City,

Mo.

G. H. Bremner, Engineer Maintenance of Way, Chicago, Burlington &
Quincy, Chicago, 111.

F. R. CoATES, Contracting Engineer, Chicago, 111.

Paul Didier, District Engineer, Baltimore & Ohio Railroad, Allegheny,

Pa.

C. Dougherty^ Superintendent, Illinois Central Railroad, Clinton, 111.

S. B. Fisher, Chief Engineer, Missouri, Kansas & Texas Railway, St.

Louis, Mo.

D. MacPherson, Assistant Chief Engineer, Transcontinental Railway,

Ottawa, Canada.

W. D. Pence, Professor Railway Engineering, University of Wisconsin,

Madison, Wis.

H. Rohwer, Consulting Engineer, St. Louis, Mo.
A. M. Shaw, Division Engineer, Mexican International Railway, Allende,

Mexico.

J. E. Willoughby, Engineer of Construction, Louisville & Nashville

Railroad, Knoxville, Tenn.

R. C. Young, Chief Engineer, Lake Superior & Ishpeming Railway,

Marquette, Mich.

Committee.

II. BALLASTING.

John V. Hanna, Assistant Engineer Maintenance of Way, St. Louis

& San Francisco, Railway, St. Louis, Mo., Chairman.

C. .\. Paquette, Assistant Chief Engineer, Cleveland, Cincinnati, (Chicago

& St. Louis Railway, Cincinnati, O., Vice-Chairman.
Willard Beahan, Assistant Engineer, Lake Shore & Michigan Southern

Railway, Cleveland, O.

Lincoln Bush, Chief Engineer, Delaware, Lackawanna & Western
Railway, Hoboken, N. J.
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A. Q. Campbell, Engineer of Track and Structures, Atlantic & Birming-

ham Railway, Oglethorpe, Ga.

W. B. Causey, Engineer Maintenance of Way, Chicago & Alton,

Bloomington, 111.

L. F. GooDALE, Engineer Maintenance of Way, Chicago, Burlington &
Quincy Railway, St. Louis, Mo,

W. W. Greenland, Assistant Engineer, Wabash Railroad, Moberly, Mo.

G. D. HiCKSj Superintendent, Nashville, Chattanooga & St. Louis Rail-

way, Tullahoma, Tenn.

B. C. MiLNER, Superintendent, Southern Railway, Louisville, Ky.

A. F. Rust, Resident Engineer, Kansas City Southern Railway, Kansas

City, Mo.

F. J. Stimson, Engineer Maintenance of Way, Grand Rapids & Iowa

Railway, Grand Rapids, Mich.

G. M. Walker, Jr., Assistant Engineer, Kansas City Belt Railway,

Kansas City, Mo.

Committee.

III. TIES.

E. B. CasHiNG, General Superintendent, Morgan's Louisiana & Texas

Railroad, New Orleans, La., Chairman.

W. W. Curtis, Consulting Engineer, Chicago, Vice-Chairman.

E. G. Ericson, Principal Assistant Engineer, Pennsylvania Lines, Pitts-

burg, Pa.

E. O. Faulkner, Manager, Tie & Timber Department, Santa Fe, To-

peka, Kan.

E. E. Hart, Chief Engineer, New York, Chicago & St. Louis Railway,

Cleveland, O.

A. S. More, Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Wabash, Ind.

J. C. Nelson, Roadmaster, Cincinnati, New Orleans & Texas Pacific

Railway, Birmingham, Ala.

S. M. Rowe, Engineer Forest Service, Chicago, 111.

H. R. Safi'ORD, Assistant Chief Engineer, Illinois Central Railroad, Chi-

cago, 111.

H. J. Simmons, General Manager, El Paso & Southwestern Railway,

El Paso, Texas.

Dr. Hermann Von Schrenk, Pathologist, Department Agriculture,

St. Louis, Mo.
Committee.
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IV. RAIL.

William R. Webster, Consulting and Inspecting Engineer, Philadel-

phia, Chairman.

R. MoNTFORT, Consulting Engineer, Louisville & Nashville Railroad,

Louisville, Ky., Vice-Chairman.

F. E. Abbott, Lackavv^anna Steel Company, Buffalo, N. Y.

E. B. AsHBY, Engineer Maintenance of Way, Lehigh Valley Railroad,

South Bethlehem, Pa.

A. S. Baldwin, Chief Engineer, Illinois Central Railroad, Chicago, 111.

D. D. Carothers, Chief Engineer, Baltimore & Ohio Railroad, Balti-

more, Md.

J. R. W. Davis, Engineer Maintenance of Way, Great Northern Rail-

way, St. Paul, Minn.

C. H. EwiNG, Engineer Maintenance of Way, Philadelphia & Reading

Railway, Reading, Pa.

S. M. Felton, President, Chicago & Alton, Chicago.

J. F. Hinckley, Chief Engineer, Frisco Railway, St. Louis, Mo.

Robert W. Hunt, Consulting Engineer, Chicago, 111.

J. W. Kendrick, Second Vice-President, Santa Fe, Chicago.

E. F. KIenney, Chemist and Engineer of Tests, Pennsylvania Railroad,

Philadelphia, Pa.

J. Kruttschnitt, Director Maintenance and Operation, Harriman Lines,

Chicago.

D. W. LuM, Chief Engineer Maintenance of Way, Southern Railway,

Washington, D. C.

F. H. McGuiGAN, Fourth Vice-President, Grand Trunk Railway, Mon-

treal, Canada.

H. T. Porter, Chief Engineer, Bessemer & Lake Erie, Greenville, Pa.

H. G. Prout, General Manager, Union Switch & Signal Company,

Swissvale, Pa.

J. T. Richards, Chief Engineer Maintenance of Way, Pennsylvania

Railroad, Philadelphia, Pa.

R. Trimble, Chief Engineer Maintenance of Way, Pennsylvania Lines,

Pittsburg, Pa.

G. W. Vaughan, Engineer Maintenance of Way, New York Central &

Hudson River Railroad, New York, N. Y.

H. U. Wallace, Third Vice-President, J. G. White Company, New
York, N. Y.

G. B. WooDWORTH, Rail Inspector, Chicago, Milwaukee & St. Paul R'ail-

way, Chicago, 111.

Comm!tier.

V. TRACK.

L. S. Rose, Engineer Maintenance of Way, Cleveland, Cincinnati, Chi-

cago & St. Louis Railway, Mattoon, 111 , Chairman.

T. H. Hickey, Roadmaster, Michigan Central Railroad, St. Thomas,

Ont., Vice-Chairman.
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VVm. Ashton, Chief Engineer, Oregon Short Line, Salt Lake, Utah.

A. F. Blaess, Roadmaster, Illinois Central Railroad, Clinton, 111.

T. S. Cafferty, Inspector of Track and Roadway, Atchison, Topeka

& Santa Fe Railway, Topeka, Kan.

A. L. Davis, Superintendent, Minneapolis & Rainy River Railroad, Deer

River, Miim.

Garrett Davis, District Engineer, Chicago, Rock Island & Pacific Rail-

way, Cedar Rapids, Iowa.

A. S. Kent, Division Engineer, Chicago, Indianapolis & Louisville

Railroad, Chicago, 111.

C. E. Knickerbocker, Engineer Maintenarice of Way, New York, On-
tario & Western Railroad, Middletown, N. Y.

F. S. Neff, Professor Civil Engineering, Case School, Cleveland, O.

L. P. Rossiter, Division Engineer, Baltimore & Ohio Railroad, Pitts-

burg, Pa.

John C. Sesser, Engineer of Construction, Chicago, Burlington &
Quincy Railway, Centralia, 111.

F. A. Smith, Civil Engineer, Chicago, 111.

R. A. Van Houten, Division Engineer, Erie Railroad, Susquehanna, Pa.

Committee.

VI. BUILDINGS.

A. R. Raymer, Assistant Chief Engineer, Pittsburg & Lake Erie Rail-

road, Pittsburg, Pa., Chairman.

M. Cobukn, Engineer Maintenance of Way, Vandalia Line, Terre Haute,

Ind., Vicc-Clujirman.

A. G. Boughner, Chief Draftsman, Baltimore & Ohio Railroad, Mor-

gantown, W. Va.

O. P. Chamberlain, Chief Engineer, Chicago & Illinois Western Rail-

road, Chicago, 111.

J. W. CowPER, with J. C. Stewart Company, West AUis, Wis.

H. M. Crvder, Manager, Carmichael Company, St. Louis, Mo.

C. H. Fake, Chief Engineer, Mississippi River & Bonne Terre Railroad,

Bonne Terre, Mo.

B. C. GowEN, Chief Engineer, Wisconsin & Michigan Railroad, Peshtigo,

Wis.

E. C. Macy, Galveston. Texas.

J. S. Metcalf, President, John S. Metcalf Company, Chicago, 111.

R. B. Pratt, Railway Architect, Canadian Northern Railway, Winnipeg,

Man.

L. D. Smith, Building Supervisor, Gulf, Colorado & Santa Fe Railway,

Galveston, Texas.

A. S. ZiNN, Engineer of Construction, Michigan Central Raihvay, St.

Thomas, Ont.

Committee.
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Vd. WOODEN BRIDGES AND TRESTLES.

H. S. Jacobv, Professor of Bridge Engineering, Cornell University,

Ithaca, N. Y., Chairman.

James Keys^ Assistant Engineer, Union Pacific Railroad, Omaha, Neb.,

Plce-Chainnan.

F. H. Bainbridge, Engineer, Pierre & Ft. Pierre Bridge Railway, Pierre,

S. D.

A. L. Bowman, Consulting Engineer, Central Railroad of New Jersey,

New York, N. Y.

R. D. Coombs, Bridge Engineer, Bangor & Aroostook Railroad, Houlton,

Me.

F. T. Darrow, Engineer Nebraska District, Chicago, Burlington &
Quincy Railway, Lincoln, Neb.

D. B. Dunn, Chief Engineer, M. D. & S. Ry., Macon, Ga.

H. G. Fleming, President and Chief Engineer, Union Belt Railway of

Memphis, Memphis, Tenn.

Hans Ibsen, Acting Bridge Engineer, Michigan Central Railroad, De-

troit, Mich.

Wm. Michel, Engineer Maintenance of Way, Hocking Valley Railroad,

Columbus, O.

W. F. Steffens, Engineer Bridges and Buildings, South & Western
Railroad, Bristol, Va.-Tenn.

I. O. Walker, Assistant Engineer, Nashville, Chattanooga & St. Louis

Railway, Paducah, Ky.

Committee.

VIII. MASONRY.

A. O. Cunningham, Chief Engineer, Wabash Railroad, St. Loi'<s, Mo.,

Chairman.

C. W. Boynton, Chief Inspector, Cement Department, Illinois Steel

Company, Chicago, 111., Vice-Chairman.

W. B. Hanlon, Civil and Mining Engineer, Cleveland, O.

W. K. Hatt, Professor of Civil Engineering, Purdue Universitv, Lafayette,

Ind.

Richard L. Humphrey, Consulting Engineer and Chemist, Philadel-

phia. Pa.

H. H. Knowlton, Assistant Engineer, Cleveland, Cincinnati, Chicago

& St. Louis Railway, Cincinnati, O.

C. H. MooRE, Engineer Grade Crossings, Erie Railroad, New York, N. Y.

J. W. ScHAUB, Consulting Engineer, Chicago, 111.

G. H. Scribner, Jr., Contracting Engineer, Chicago, 111.

G. F. Swain, Professor of Civil Engineering, Massachusetts Institute

of Technology, Boston, Mass.

Job Tuthill, Engineer Bridges and Buildings, Pere Marquette Railroad,

Detroit, Mich.

Committee.
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IX. SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS.

W. D. Williams, Chief Engineer, Cincinnati Northern Railroad, Van
Wert, O., Chairman.

F. P. GuTELlus, Assistant Chief Engineer, Canadian Pacific Railway,

Montreal, Can., I'ice-Chainiian.

F. M. BiSBEE, Engineer, Western Grand Division, Atchison, Topeka

& Santa Fe Railway, La Junta, Colo.

Paul Hamilton, Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Springfield, O.

R. S. Parsons, Engineer Maintenance of Way, Erie Railroad, Cleve-

land, O.

C. W. PiFER, Assistant Engineer, Illinois Central Railroad, Chicago, 111.

J. A. Spielmann, Engineer Maintenance of Way, Baltimore & Ohio

Railroad, Wheeling, W. Va.

H. M. Steele, Chief Engineer, J. G. White Co., New York, N. Y.

W. A. Wallace, Division Engineer, Chicago, Indianapolis & Louisville

Railroad, Chicago, 111.

H. F. White, Engineer of Maintenance, Chicago, Rock Island & Pacific

Railway, Chicago, 111.

A. A. WiRTH, Engineer Maintenance of Way, Pennsylvania Lines, Pitts-

burg, Pa.

K. J. C. ZiNCK, Assistant Engineer, Grand Trunk Pacific Railway,

Montreal, Canada.

Committee.

X. SIGNALING AND INTERLOCKING.

W. A. D. Short, Signal Engineer, Illinois Central Railroad, Chicago,

111., Chairman.

A. H. RuDD, Assistant Signal Engineer, Pennsylvania Railroad, Phila-

delphia, Pa., Vice-Chairman.

AzEL, Ames, Jr., Signal Engineer, N. Y. C. & H. R. R. R., Cleveland,

O.

C. C. Anthony, Inspector of Signals, Pennsylvania Railroad, Phila-

delphia, Pa.

H. S. Balliet, Engineer Maintenance of Way, Grand Central Station

and Electric Division, New York Central & Hudson River Railroad,

New York, N. Y.

L. R. Clausen, Signal Eng-ineer, Chicago, Milwaukee & St. Paul Rail-

way, West Milwaukee, Wis.

Chas. a. Dunham, Signal Engineer, Great Northern Railway, St.

Paul, Minn.

G. E. Ellis, Signal Engineer, Chicago, Rock Island & Pacific Railway,

Chicago, 111.
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J. C. Mock, Electrical Engineer, Detroit River Tnnnel Company, De-

troit, Mich.

J. A. Peabopv, Signal Engineer, Chicago & Nurlhwestern Railway,

Chicago, III.

VV. B. Scott, Assistant Director of Maintenance and Operation, Har-

riman Lines, Chicago, 111.

Thos S. Stevens, Signal Engineer, Atchison, Topeka & Santa Fe

Railway System, Topeka, Kan.

J. E. Taussig, Terminal Superintendent, Wabash Railroad, St. Louis,

Mo.

H. H. Temple, Engineer Maintenance of Way, Baltimore & Ohio Rail-

road, Pittsburg, Pa.

H. M. Waite, Superintendent, Cincinnati, New Orleans & Texas Pacific

Railway, Somerset, Ky.

Comttiittee.

XI. RECORDS, REPORTS AND ACCOUNTS.

Edwin F. Wenut, Assistant Engineer, Pittsburg & Lake Erie Railroad,

Pittsburg, Pa., Chairman.

W. S. KiNNEAR, Assistant General Manager, Michigan Central Railroad,

Detroit, Mich., Vice-Chairman.

W. Archer, Assistant Real Estate Agent, Baltimore & Ohio South-

western Railroad, Cincinnati, O.

J. B. Austin, Jr., Engineer Maintenance of Way, Long Island Railroad,

Jamaica, N. Y.

D. J. Brumi.ey, Principal Assistant Engineer, Illinois Central Railroad,

Chicago, 111.

G. H. Burgess, Assistant Engineer, Erie Railroad, New York, N. Y.

P. S. Fitzgerald, Engineer Maintenance of Way, Western District,

Southern Railway, Birmingham, Ala.

Paul Jones, Superintendent, Cincmnati & Muskingum Valley Railroad,

Zanesville, O.

S. D. PuGH, 355 Dearborn Street, Chicago, 111.

V. D. SiMAR, Acting Chief Engineer, Duluth, South Shore & Atlantic

Railway, Marquette, Mich.

J. E. Turk, Superintendent, Philadelphia & Reading Railway, Tamaqua,

Pa.

H. A. Woods, Assistant Chief Engineer, Grand Trunk Pacific Railway,

Montreal, Canada.

E. K. Woodward, Chief Engineer, Pere Marquette Railroad, Detroit.

Mich.

Committee.
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Kll. UNIKOKiM RULES, ORGANI/A IION, I I ri.h.S, CODE, ETC.

G. II. VVEi'.n. Cliicf lMie;i'i<'<'f, Micliit;.ui (Cntr.il K.nli i m<|, nctroil, Mich.,

Chairiiiaii.

J. H. Abbott, Bridge Engineer, Spokane lnternation:il Railroad, Spokane,

Wash., V'icc-Cliainnan.

Robert Bei.l, Superintendent, Pennsylvania Raih-oad, Buffalo, N. Y.

J. G. Bloom, Engineer of Maintenance, Chicago, Rock Island & Pacific

Railway, Topeka, Kan.

E. Buckingham, General Snperintendent, Oregon Short Line, Salt

Lake, Utah.

J. F. Deimling, Chief Engineer, Pere Marquette Railroad, Detroit, Mich.

J. B. Dickson, Ciiief Engineer Maintenance of Way, Baltimore & Ohio

Railroad System, Baltimore, Md.

J. W. HiGGiNS, Assistant General Manager, Missouri Pacific Railway,

St. Louis, Mo.

R. L. HuNTi.EY, Acting Chief Engineer, Union Pacific Railroad, Omaha,

Neb.

C. N. Kalk, Chief Engineer, Wisconsin Central Lines, Milwaukee, Wis.

F. L. Nicholson, Engineer Maintenance of Way, Norfolk & Southern

Railroad, Norfolk, Va.

J. O. Osgood, Chief Engineer, Central Railroad of New Jersey, Jersey

City, N. J.

E. L. Peckham, Vice-President and General Manager, Denver, Enid

& Gulf Railway, Blackwell, Okla.

E. E. Stynek, General Manager, Mexican Central Railroad, Mexico,

Mex.

Committee.

XIII. WATER SERVICE.

A. K. Shurtleff, Assistant Engineer, Chicago, Rock Island & Pacific

Railway, Chicago, 111., Chairman.
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226. Rockwell, Samuel,
Chief Engineer, L,ake Shore & Michigan Southern Railway, l^ieve-

land, O.

4. RoDD, Thos.,

Chief Engineer, Pennsylvania Twines, Pittsburg, Pa.

26s- RODGERS, J. G.,

Superintendent, New York, Philadelphia & Norfolk Railway, Cape
Charles, Va.

J22. RdHWER, H. (Roadway),
Consulting Engineer, St. I>ouis, Mo.

413. Rose, L. S. (Chairman, Committee on Track),

Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago &
St. Louis Railway, Mattoon, 111.

603. Ross, D. A. (Yards and Terminals),

Terminal Engineer, Canadian Northern Railway, Winnipeg,
Manitoba.

633. RossiTER, L. P. (Track),

Division Engineer, Baltimore & Ohio Railroad, Pittsburg, Pa.

360. Rote, R. O., Jr.,

Principal Assistant Engineer, Lake Shore & Michigan Southern
Railway, Cleveland, O.

442. RowE, S. M. (Ties),

Consulting Engineer—Forest Service, Bureau of Forestry, U. S.

Dept. of Agriculture, Monadnock Block, Chicago, 111.

355. RuDD, A. H. (Vice-Chairman, Committee on Signaling and Inter-

locking),

Assistant Signal Engineer, Pennsylvania Railroad, Philadelphia,

Pa.

^2g. RrsT, A. F. (Ballasting),

Resident Engineer, Kansas City Southern Railway, Kansas City,

Mo.

708. S.\BIN, J. H.,

Assistant Engineer, Cliicago, I^ako Shore & Enstern Railroad,

Chicago, 111.

266. S.M-TORD, H. R. (Ties),

Assistant Chief Engineer, Illinois Central Railroad, Chicago, 111.

501. St. John, R. C,
Principal Assistant I'^ngiiieer, Missouri Pacific Railway, St.

Louis, Mo.

,'^JJ. SamiS. G. L.,

Vice-President and General Manager, St. Louis &- Xortli Arkan-

sas Railway St. Louis.

138. S( AUIIOKOUGH, F. W.,
Richmond, Va.

520. SCHALL, F. E.,

Bridge Engineer, Lehigh Valley Railroad, South Botlilchem, Pa.

481. SfiiAUB, J. W. (Masonry),
Consulting Enginesr, Monadnock Bhxk, Cliicago, III.
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^_-^g. SCHEKMEKHORN, A. D.,

Division Engineer, Union Pacific Railroad. Omalia, Neb.

433. SCHIDLOVSKV, ThEO..

Chief En.sineer, Oreiiboui g-TacliVcent Kailwa.v, Oi enbour.PT. Russia.

143. SCHINDLER, A. D.,

General Manager, Pacific Electric Railway Comixuiy and I.os

Angeles Interurban Railway. T.,os Angeles, Cal.

308. ScKNEiDEK, C. C. (Iron and Steel Structures),

Consulting Engineer, Philadelphia, Pa.

;co. Scott. W. B. (Signaling ancl Interlocking),

As'sistant Director of Maintenanee and OpcTalion. ITarriman

Tjines, Chicago, III.

5_'4. ScKiBNER, G. H.. Jr. (Masonry),
ConLracliiig Engineer, ]S;4 EaWalli' Street, CliicaKO. 111.

525. Selby, O. K. (Economics of Railway Location),

Bridge Engineer, Cleveland, Cincinnati, Chicago & St. Ijoiii.s

Railway, Cincinnati, O.

386. Sessek, John C. (Track),

Engineer of Con.struction, Chicago, Unilinglon & <,iuincy Railway,

Centralia, 111.

336. Sh.wv, a. 1\I. (Roadway),
J)i\'isioii I'higineei', ]\Iexicr,n riitcrna t inna i Raili'nad, I'd Rio.

Texas.

95. Sh.wv, Louis,

Civil Engineer, I.aCrosse, A^'is.

75. Shelah, 1u)\vakii,

Engineer Mainten.-ince uf ^^•ay, Wiba.-^l'. Railniad. iN.-atnr. 111.

162. Sheparu, Walter,
Chief Engineer. ]:i).-;toii i^- Albany Uaihuad, Ro-^ton, Mas.><.

455. Sheriff, C. E.,

Chief Engineer, Daveiiiiorl. Itcn-k Island .<: Xorlhwestern Railway,

Davenport, Iowa.

430. Shike. ^I. E. (Y;[Vf\<. and Tenninals),

lOn.gineer in Charge. C!iieai;(i Unidu Transler Uaii\\a>-. Chicago,

HI.

521. Short, W. A. 1). ( ClKiinnan, Connnitlcc <iii Signaling and Inter-

locking),

Signal lOn.gineer. lllinuis Ci'nlral Railroad, Chicag<'), 111.

~,2^'!,. SiHKTi.EKK. A. K. (Chairman, Cnnnnltlec on Water Service),

Assistant 10ni.',ineei-. Chieagn, Rnek Island ^- I'aciric Railway.

Chicago, III.

5S4. SiMAU. \'. I). (Records, Reports and Accounts'),

Acting Chief lOngineer, Iniluih. Sonlli Shore ^<: .Atlantic Railway.

INlarqnette, INlicli.

6(J7. Si m .Mt)NS. F. ( 1..

Faigineer and SiiiJcrintendent of ( "musI niel inn and T^Iaintenanee.

Milwankec I'^llrclric Kailway >V- Light C.mii'any. Milwaukee,

AVi.s-.
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516. Simmons, M. J. ('J'ios),

(leneval Man.a£?<-r. Kl Pasu i*;- Souihvvestrni Jtaihoad. I':i I'aso,

Texas.

420. Simpson, R. H.,

Public Works Soivicc ('niiuiiissiiiii. CoUiinbus, O.

S5. Sl.MS. C. S.,

Assistant to IMcsidiMil . JOrii- Kailro;iil, .\»\v Voik, N. Y.

21. Si.iFKK. IT. J. (Chairman, Coniniiltcc on Roadway),
Steam Railway lixpert, .1. C. AVIiitf Company, 40 Excliange Place,

Xcw York. K. Y.

526. Smith . F. .\. (Track),

Civil lOngiiK'Or, Chicago, 111.

435. Smith, T.. 1). (Buildings),

r.uilcliiig Supervisor, Gulf, Colorado & Santa Fe Railway, Gal-

veston, 'lexas.

695. S.MITH, \\'. .\.,

Assistant I'jiiginct'r. lOrie Railroad, Suffcin. X. Y.

335. SNOW, J. P. (Director—Chairman, Cnmmilttc on Iron and .Steel

Structures),

Bi-idgo Engineer, Boston & Maine Railroad, Boston, Mass.

657. Si'iEi.M.VNX, J. A. (Sign.s, Fences, Crossings and Cattle-Guards),
lOngineer Maintenance of Way, Baltimore & (^)Iiio Railroad,

Wheeling, W. Va.

684. Starruck, R. D.,

Assistant Chief Engineei-, Michigan Central R.iilroad. I)i'troit.

Mich.

345. Steele, FI. JNI. (Signs, Fences, Crossings and Cattle-Guards).
Chief Engineei-, J. G. White Company, New York, N. Y.

665. Steffens, W. F. (Wooden Bridges and Trestles),

Engineer B'ridges and Buildings, Sonlli .V; NYeslcvn lin i h-oarl.

Bristol, Ya.-Tenn.

(.(j'j. Stengel, C. FI.,

Designing Engineer, Tidewater Railway, Norfolk, Ya.

24. Ste\ens, F. S. (Yards and Terminals),

Superintendent, Philadelphia & Reading Railway, Reading. Pa.

3^2. Stevens, Tugs. .S. (Signaling and Interlocking),

Signal Engineer, Santa Fe Railway System, Topeka, Kan.

472. Stimson, E.\rl,

Engineer Maintenance of Way, Baltimore & Ohio Southwestern
Railroad, Cincinnati, O.

533. Stimson, F. J. (Ballasting),

Engineer Maintenance of Way. Grand Rapids & Indiana Railroad,

Grand Rapids, Mich.

74. Storey, W. B., Jr. (Economics of Railway Location).

Chief Engineer, Atchison, Topeka it Santa Fe Railway Sxstem,

Chicago, 111.

496. Stiart, F. L. (Economics of Railway Location),

Chief Engineer, Erie Raih-oad, New York, N. V.

3f)(). Stiart, J. C,
General -Manager, lOrie Railroad, Niw York. N. Y.
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.\[)\. Styner, E. E.,

General Manager, Mexican Central Kailway, Mexico, Max.

393. SUGIURA, SOZABURO,
Superintendent Maintenance of Way, Nippon Railway, Tokio,

Japan.

98. Sullivan, A. W.,

General Mannger, Missouri Pacific Railway System, St. Louis, Mo.

448. Sullivan, J. G.,

Assistant Chief Engineer, Isthmian Canal Commission, Culebra,

Panama, Canal Zone.

130. SWAINE, E. L.,

General Manager, Home Telephone & Telegraph Company, Los

Angeles, Cal.

315. SwAiN, G. F. (Masonry),
Professor of Civil Engineering, Massachusetts Institute of Tech-

nology, Boston, Mass.

622. Taber, E. G.,

Chief Engineer, Spokane International Railway, Spokane, Wash.

159. Tait, Thos.,
Chairman, A'ictorian State Railways, Melbourne. Australia.

691. Talbot, A. N.,

Professor of Municipal and Sanitary Engineering, University

of Illinois, Urbana, 111.

498. Talcott, H. R.,

Engineer of Surveys, Baltimore & Ohio Railroad, Baltimore, ]Md.

446. Tanabe, S.,

Professor of Civil Engineei'ing, University of Kyoto. Kyoto,

Japan.

439. Taussig, J. E. (Signaling and Interlocking),

Terminal Superintendent, Wabash Railroad, St. Louis, IMo.

426. Taylor, W. D. (Vice-Chairman, Committee on Economics of Rail-

way Location),

Chief Engineer, Chicago & Alton Railway, Chicago, III.

599. Taylor, W. B.,

Division Engineer, Brie Railroad, Buffalo, N. Y.

629. Temple, H. H. (Signaling and Interlocking),

Engineer Maintenance of Way, Baltimore & Ohio Railroad.

Pittsburg. Pa.

490. Ten Eyck, P. G,
Treasurer and Chief Engineer, Federal Railway Signal Company,

Troy, N. Y.

III. Thomas, J. W., Jr.,

President, Nashville, Chattanooga & St. Louis Railway, Nash-

ville, Tenn.

290. Thompson, W. S.,

Assistant Engineer, Pennsylvania Railroad, Oil City, Pa.
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_'i5. IkAT MAN, E. K. Yi. (V'ice-Cliairnian, Coinmittco an Yards an.J Ter-

minals),

Resident Editor, Engineering News, Chicago, 111.

67. Trimble, Robert (Rail),

Chief Engineer Maintenance of Way, Xorthwost System. Penn-
sylvania Lines, Pittsburg, Pa.

;^/2. Tkuemax, Harmon,
Chief Engineer, Morden Frog & Crossing Work.s, Chicago. 111.

i-^g. Turk, J. E. (Records, Reports and Accoimts),
Superintendent, Philadelphiji & Reading Railway, Tamaqua, Pa.

477. Turneaure, F. E. (Iron and Steel Structures),

Dean, College of Engineering, University of Wisconsin, Madison,
Wis.

379. Tuthill, Job (Masonry),
Engineer Bridges and Buildings, Pere Marquette Railroad, De-

troit, Mich.

112. Tweedy, R. B.,

President, Marinette, Tomahawk & Western Railroad, Milwaukee,

Wis.

364. TvE. W. F. (Economics of Railway' Location),

Contracting Engineer, Montreal, Canada.

U

155. Underwood, F. D.,

President, Erie Railroad, New York. X. Y.

V

600. Van Houten, R. A. (Track),

Division Engineer, Erie Railroad, Susquehanna, Pa.

195. ^^vN \'leck, W. G.,

General Manager, Atlantic System. Southern Pacific Company.
Houston, Texas.

;o3. Vaughan, G. W. (Rail),

Engineer Maintenance of Way, New York Central tJi Hudson
River Railroad, New York, X. Y.

S73. Aon Schrenk, Hermann, Dr. (Ties),

Pathologist, U. S. Department of Agriculture, St. Louis, Mo.

W
712. WadsWORTH, Geo. R..

Construction Department, J. G. White Company. Xcw York. X. Y,

522. Waite, H. M. (Signaling and Interlocking),

Superintendent, Cincinnati, Xew Orleans & Texas Pacific Rail-

road.

396. Walker, G. M., Jr. (Ballasting),

Assistant Engineer and Roadmaster, Kansas City Belt Railway,
Kansas City, Mo.
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122. VV.M.KEK, i. U. (Wooden Bridges and Trestles),

Assistant Engineer, Naslivillo, Chuttanoog-a & St. I.cuiis, l':iiliica h,

Ky.

57. Wallace, H. U. (Rail),

Tiiirci Vice-President, J. G. White Company. New York. X. Y.

3. \V.\LLACK. JOMN F. ( Past-Presideni),

President, Kleeti-ic Properties Compan>', New '^'mk, N. Y.

76. Wallace, J. 11.,

A.ssi.stant Chief tOiigineer. SoiitliiTii Tacilii- Cmnpany. c;)aklanil.

Cal.

540. ^\'.\LLACE, W. A. (Signs, Fences, Crossings and Cattle-Gnards),

Division Engineer, Chicago, Indianapolis & T.onisville Railroad,

Chicago, 111.

632. \\'aue, John (Water Service),

Division Engineer, B'altiniore & Ohio Railroad, Conndlsville, Pa.

4S7. W.\RKINGTON, IT. W.,
Chief Engineer and CJeuei-al Superintendent, Dritish Columbia

Railway Company, Grand Forks, P.. C.

349. Washburn, E. C,
Washbin-n Coupler Co., Minneapolis, Minn.

itS. Washington, L. A.,

City Engineer, Paducah, Ky.

476. Waterman, H. S.,

Chief Engineer, Detroit & i\Tackinac Railroad, East Tawa.s', ;Mich.

354. Watson, Thos.,

Resident Engineer, AVesti-i-n ttailwa>-s of Australia, Coolgai'die,

West Australia.

42 r. Weatherlv, F. P.,

Resident ICngineer, Chicago, lUnliiigton & C2iniic>' Railway, St.

Joseph, Mo.

507. \\T:i'.i!, G. H. (Chairman, Committee on Uniform Rules),

Chief Engineer, Michigan Central Railroad, Detroit, Mifh.

()(Sf). Weiu:, Walter Loring (Economics of Railway Location),

Consulting Engineer, Philadeliiliia, i'a.

^j. Webster, G. H.,

President, British Co]uinl)ia General Contracting- Company, Xan-
couver, P.. C.

306. ^^'EBs^ER, Wm. R. (Chairman, Committee on Rail),

Consulting and Inspecting Engineer, Philadelphia, Pa.

514. Wells, L. W.,
Chief Engineer, Texas Midland Railroad, Teirell, Texas.

127. Wendt, Edwin F. (Chairman, Committee on Records, Reports and

Accounts,

Assistant Engineer, Pittslnn-g i^- Ijake Brie Railroad. Pittsliurg,

Pa.

702. WiCNTWOKTH, C. C,
I'rincipal Assistant Engineer, Norfolk & Western Railway.

Roanoke, Va.
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528. West, O, J.,

Kusident lOngiucrr, I'liociiix llritlm' ( "oiiiiiaiiy, ( 'liicagu, 111.

590. Weston, C. V.,

Chief Engineer, South Side lOlrvated Raih-ond, Chicago, 111.

69. Wl1-K.\T0N, L. H.,

Chief Ensinecr, Halifax I't Soiitluvcsli'i-ii liailwa.v, P.i-idgi-waLer,

N. S.

228. White, H. F. ( Sign.s, Fences, Cnj.ssiiigs and Cattle Guards),
Engineer Maintenance of A"S'a>-, Chicago, Rock Jsland & I'aciflc

Railway, Chicago, 111.

66. White, I. F.,

Superintendent, Cinciifnali, llaniilton & Daylon Railroad, Day-
ton, O.

92. Whittei.sey, T. F.,

General Manager, Mo1)ile, .Tackson & Kansas City Railway,
Mobile, Ala.

564. Wickhokst, M. FI. (Water Service),

Engineer of I'ests, Chicago. F'.urlington i^- Quincy Railroad,

Aurora, 111.

185. Wnxus, W. J.,

Vice-President, New York Central & Hud.son River Railroad,

New York, N. Y.

104. WiLLARl), D.,

Second Vice-President, Chicago, Hurlingtoii & Quiuc.y Railroad,

Chicago, III.

271. Williams, H. R. (Classification of 'i'rack),

President, Chicago, Milwaul<ee & St. Paul Railway of Wash-
ington, Seattle, Wash.

689. Wn.LTAMS, S. N.,

Professor of Ci^'il Engineering, Cornell College, Mt. Vernon. la.

32. \\'j/.LrAMS, A\'. D. (Chairman, Committee on Signs, Fences, Cross-

ings and Cattle-Guards),

Cliief Engineer, Cincinnati Ni)rthern Railroad, Van Wert, O.

9. Wii.soN, C. A. (Classification of Track),

Chief Engineer, Cincinnati, Hamilton & Dayton Railroad, Cin-

cinnati, O.

270. Wilson, J. 'J'.,

Division Engineer, Baltimor(^ & Ohio Railroad, EUicdtt City, Md.

459. Wilson, T. W.,
General Manager, International Railroad, Buffalo. N. i'.

610. WiLLOuGHiiv, J. E. (Roadway),
Engineer of Construction, Tjouisville & Nashville Ptailroad, Knox-

ville, Tenn.

474. WiRTH, A. A. (Signs, Fences, Crossings and Cattle-Guards),

Engineer Maintenance of Way, Pennsylvania Eines', Pittsburg,

Pa.

555- \\'<'on, B. A.,

Resident lOngiiiecr. Moliile & Ohio Itailruad. .lacksDU, Tenn.
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2/8. Wonus, J I. A. (RL'Cords, Reports and Accounts),
AsHisLiuit Chief Engineer, Grand Trunk Pacific Kailway, Mon-

treal, Can.

iDi. Woodward, E. K. (Records, Reports and Accounts),

Chief Engineer, Pere Marquette na.ih'oad, Detroit, Mich.

619. WoODLE, A. S., Jk.,

Division Engineer, KalUniore & Oliio Raih'oad, Wlieeling, W. Va.

292. Woodward, Roland,
Consulting Engineer, Jacksonville & Southwestern Railroad,

Jacksonville, Fla.

200. WOODWORTH, G. P). (Rail),

Rail Inspector, Chicago, Milwaukee & St. Paul Railway, Chicago,

111.

395. Worcester, J. R. (Iron and Steel Structures),

Consulting Engineer, 53 .'-^tate Street, Roston, Mass.

704. WORTHINGTON, B. A.,

First Vice-President a.nd General Manager, Wheeling & Lake
Brie Railroad, Wabash-Pittsbiug Terminal and West Side

Belt Railroad, Pittsburg, Pa.

412. Wright, J. T.,

Vice-President and General Manager, Macon, Dulilin & Savannah
Railroad, Macon, Ga.

456. Yamaguchi, Junnosuke,
Chief Engineer, Sanyo Ra'ilway, Kobe, Japan.

595. Young, R. C. (Roadway),
Chief Engineer, Lake Superior & Ishpeniing, Munising Railway

and Marquette & Southeastern Railway, :\[arquette, INIich.

207. Z1E.SING, A.,

President, American Bridge Company, Pittsburg, Pa.

470. ZiNCK, K. J. C. (Signs, Fences, Crossings and Cattle-Guards),

Division Engineer, Chicago, Rock Island & Pacific Railway, Des
Moines, Iowa.

614. ZiNN. A. S. (Buildings),

Engineer of Construction, Michigan Central Railroad. St. Thomas,
Ont.

HONORARY MEMBER.

Shepard, D. C,
Minneapolis, Minn.



MEMBERSHIP AND MILEAGE OF RAILWAYS REPRESENTED
IN THE AMERICAN RAILWAY ENGINEERING AND

MAINTENANCE OF WAY ASSOCIATION

Name of Road and Membership. Members. Mileage.

Alaska Central Railway i 50

W. B. Poland, Soward, Alaska.

Ann Arbor Railroad i 292

O. D. Richard.s, Toledo, O.

Antofagasta & Bolivia Railroad i 597
A. Hohagen, Antofagasta, Chili, S. A.

Argentine Republic Railways i 2,677

G. F. T. Dominico, Buenos Ayres, Arg. Rep.

Atlantic & Birmingham Construction Company 3 331

Alex. Bonnyman, Atlanta, Ga. »

A. Q. Campbell, Oglethorpe, Ga.
W. I. Lee, Stroud, Ala.

*Atlantic, Quebec & Western Railroad i

J. V. Nimmo, Paspebiac, Que.

Atchison, Topeka & Santa Fe Railway System 13 9.389

J. W. Kendrick, Chicago, III.

James Dun, Chicago, ill.

W. B. Storey, Jr., Chicago, 111.

C. F. W. Felt, Galveston, Texas.
C. A. Morse, Topeka, Kan.
H. C. Phillips. Los Angeles, Cal.

E. O. Faulkner, Topeka, Kan.
A. F. Robinson, Chicago, 111.

J. M. Meade, Topeka, Kan.
Fj M. Bisbee. La Junta, Col.

Thomas S. Stevens, Topeka, Kan.
L. D. Smith, Galveston, Tex.

T. S. Cafferty, Topeka, Kan.

Baltimore & Ohio Railroad 27 . 4,442

L. G. Haas, Baltimore, Md.
D. D. Carothers, Baltimore. Md.
J. B. Dickson, Baltimore, Md.
J. E. Greiner, Baltim.ore, Md.
H. E. Hale, Baltimore, Md.
H. H. Temple, Pittsburg, Pa.

J. A. Spielmann, Wheeling, W. Va.

H. R. Talcott, Baltimore, Md.
William Graham, Baltimore, Md.
Paul Didier, Allegheny, Pa.

* Under construction.
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Name of Road and Membcrsliip. Mcmlicrs. :Milcfigc.

Baltimore & Ohio Railroad—Continued.

C. E. Bryan, Parkersburg-, W. \'a.

L. G. Curtis, Chicago, 111.

v. K. Hendricks, Baltimore, Md.

S. A. Jordan, Cleveland, O.

J. R. Leigh ty, Cumberland, Md.
E. G. Lane, New Castle, Pa.

W. B. Redgrave, St. George, N. V.

O. Rickert, Grafton, W. Va.

L. P. Rossiter, Pittsburg, Pa.

John Ware, Connellsville, Pa.

J. T. Wilson, Bllicott City, Md.

A. S. Woodle, Jr., Wheeling, W. Va.

F. J. Bachelder, AVinchestci-, W. A'a.

A. G. Boughner, Morgantown. W. \'a.

L. C. James. Bridgeport, (>

J. B. Jenkins, Baltimore, Md.

H. A. Lane, Belva, Va.

Baltimore & Ohio Southwestern Railroad ^i <j82

Etirl Stimson, Cincinnati, O.

L. P. Boeh, Cincinnati, O.

W. Archer, Cincinnati, O.

Bangor & Aroostook Railroad i 4i5

R. D. Coombs, Houlton, Me.

Bessemer & Lake Erie Railroad '.
i 216

H. T. Porter, Greenville, Pa.

^Bolivia Raih'oad '

Rankin Johnson. LaPaz, Bolivia, S. A.

Boston & Albany Railroad i 3Q-2

Walter Shepard. Boston, Mass.

Boston & Maine Railroad 1 2.287

J. P. Snow, Boston, Mass.

*British Columbia Railway i

H. W. Warrington, Grand Forks, B. C.

Buffalo & Susquehanna Railroad 2 361

H. Herden, Galeton, Pa.

H. C. Landon, Galeton, Pa.

Buffalo, Rochester & Pittsburg Railroad i 516

J. M. Floesch, Rochester, N. Y.

Cammal & Black Forest Railroad 1 31

C. B. McCullough, Jersey Shore, Pa.

Canadian Northern Railway 3 2,40:3

H. F. Forrest, Winnipeg, Man.
D. A. Ross, Winnipeg. Man.
R. B. Pratt, Winnipeg, Man.

Canadian Pacific Railway • 6 9425
F. P. Gutelius, Montreal, Canada.
W. A. James, Kenova, Canada.
H. L. Jordan, Montreal, Canada.
A. L. Buck, Montreal, Canada
M. P. Cotton, Winnipeg, Man.
J. W. Orrock, Montreal, Canada.

* Under construction.
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Name of Road and Membership. Members. Mileage.

Central of Georgia Railway i 1,878

J. C. Gray, Chiplej% Ga.

CcMilral Railway of Guatemala i 141

D. B. Hodgsdon, Guatemala, Guat., C. A.

Centra! R;iilroad of New Jersey 3 646
AA'. G. Besler, New York, N. Y.

Jos. O. Osgood, Jersey City. N. J.

.\. L. Bowman. New York. N. Y.

Central Wrniont Railwa\' i 531
J. M. Morrison. St. Albans, Vt.

Chesapeake & Ohio Railway i 1,791

If. Pierce. Richmond, Va.

Chicago & Alton Railway 4 970
S. M. Felton, Chicago. III.

W. D. Taylor, Chicago, 111.

AV. B. Causpy, Bloomingtor,, 111.

C. S. Ells, Roodhouse. 111.

Chioa.go & Eastern Illinois Railroad 2 921

R. H. Howard. Chicago, 111.

A. S. :\IarkUy, Danville, 111.

Chicago & Illinois Western Railroad i 17

O. P. Chamberlain, Chicago, 111.

Ciiicago & Northwestern Railway 7 9,112
AA"". A. Gardner, Chicago, 111.

R. H. Aishton, Chicago, 111.

F. H. Bainbritlgf, Pierre. S. 1").

G. M. Davidson, Chicago. III.

J. A. Peabody, Chicago, 111.

C. L. Ransom, Omaha, Neb.
L. J. Mcliityre, Green Bay, AA'is.

Chicago & Western Indiana Railroad i 49
E. H. Lee, Chicago, 111.

Chicago, Burlington & Quincy Railroad 14 8,625

D. AA''illard, Chicago, 111.

T. E. Calvert, Chicago. 111.

AA'. li. Breckinridge, Chicago. 111.

G. H. Bremnei", Chicago, III.

D. F. Goodale, St. I.oui.s, Mo.
C. H. Cartlidge, Ciiicago, 111.

M. H. Wickhor.st. Aurora, 111.

Jiihn C. Sesser, Cenlralia, 111.

A. AA'. Newton, St. Lcuis. Mo.
F. T. Darrow, I-.incoIii. Neb.
E. P. AA'eatherly, Sc. Joseph, Mo.
J. D. Mason, Chicago, 111.

J. M. Patterson. Chicago, 111.

E. C. Forbush, Herrin, 111.

ri;ic-;;o,, (n-f.it Western Railway i 1..32I

I lie Davidson, Ciarion. Iowa.
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Name of Road and Membership. Members. Mileage.

Chicago, Indianapolis & Louisville Railway 2 536

A. S. Kent, Cliicago, 111.

W. A. Wallace, Chicago, 111.

Chicago, Indiana & Southern Railway 2 328

C. W. Hotchkiss, Chicaso, HI.

Frank Beckwith, Hammond, Ind.

Chicago Junction Railway i 385
J. B. Cox, Chicago, 111.

Chicago, Milwaukee & St. Paul Railway.... 4 7.185
C. F. Loweth, Chicago, HI.

J. B. Moll, Chicago, 111.

G. B. Woodworth, Chicago, 111.

L. R. Clausen, West Milwaukee, Wis.

^Chicago, Milwaukee & St. Paul Railway of Washington. j

H^ R. Williams, Seattle, Wash.
B. J. Pearson, Seattle, Wash.
C. H. Bycrs, Seattle, Wash.

Chicago, Peoria & St. Louis Railway 2 245
J. P. Ramsey, St. Louis, Mo.
J. K. Howard,' Springfield, 111.

Chicago, Rock Island & Gulf Railroad i 386
John S. Peter, Fort Worth, Texas.

Chicago, Rock Island & Pacific Railway 8 7,368

J. B. Berry, Chicago, 111.

H. F. White, Chicago, 111.

J. G. Bloom, Topeka, Kan.
A. D. Page, Chicago, 111.

Garrett Davis, Cedar Rapids, Iowa.
W. H. Davisson, Topeka, Kan.
A. K. Shurtleff, Chicago, 111.

G. E. Ellis, Chicago, 111.

Chicago, St. Paul, Minneapolis & Omaha Railroad i 1,696
E. C. Blundell, Eau Claire, Wis.

*Chicago Southern Railway 2

E. H. Pfafflin, Chicago. 111.

P. R. Puder, Chicago. 111.

Chicago Terminal Transfer Railroad 2 259
.1. N. Faithorn, Chicago, 111.

E. N. Layfield, Chicago, 111.

Chicago Lhiion Transfer Railway 1 100

M. E. Shire, Chicago, 111.

Cincinnati & Muskingum Valley Railroad i 149
Paul Jones, Zanesville, O.

Cincinnati, Hamilton & Dayton Railroad 3 1,025

C. A. Wilson, Cincinnati, O.
I. F. White, Dayton, O.

M. V. Hynes, Tndi.nnapolis, Ind.

* Under construction.



MILEAGE OF ROADS AND MEMBERS. 799

Name of Road and Membership. Members. Mileage.

Cincinnati Northern Railroad i 236
W. D. Williams, Van Wert, O.

Cleveland, Cincinnati, Chicago & St. Lonis Railway 10 2,276

C. A. Paquette, Cincinnati, O.

O. E. Selby, Cincinnati, O.

H. Baldwin, Mattoon, III.

M. A. Neville, Indianapolis, Iml.

L. S. Rose, Mattoon, 111.

Paul Hamilton, Springfield, O.
A. S. More, Wabash, Ind.

R. H. Moore, Anderson, Ind.

H. H. Knowlton, Shelby ville, Ind.

C. S. Millard, Indianapolis, Ind.

Colorado & Southern Railway i 1.121

H. W. Cowan, Denver, Colo.

Davenport, Rock Island & Northwestern Railwa\ i 53
C. E. Sheriff, Davenport, la.

Delaware, Lackawanna & Western Railroad 2 952
Lincoln Bush, lloboken, N. J.

G. J. Ray, Scranton, Pa.

Denver, Enid & Gulf Railroad i 117
E. L. Peckham, Enid, Okla.

Detroit & Mackinac Railroad i 334
H. S. Waterman, East Tawas, :MicIi.

^Detroit River Tunnel Compam^ 2

B. Douglas, Detroit, Mich.
J. C. Mock, Detroit. Mich.

Detroit United Street Railways i 533
J. C. Hutchins, Detroit, IMich.

Duluth, ]\Iissabe & Northern Railway • 2 164
W. A. McGonagle, Duluth, Minn.
W. H. Hoyt, Duluth, Minn.

Duluth, South Shore & Atlantic Railroad i 583
V. D. Sim;ir, Marquette, Mich.

Elgin, Joliet & Eastern-Chicago, Lake Shore & Eastern

Railways 2 386
Arthur Montzheimer, .loliot. 111.

.1. ir. Sabin, Chicasu, III.

El Paso t^ Southwestern Raihvay System 2 810

H. J. Simmoii.s, E! Paso, Tex.
J. Ij. Cauiplioll. El Priso, Tox.

Erie Railroad i-l 2.353

F. D. Underwood, New York. N. V.

J. C. Stuart, New York, N. Y.

F. L. Stuart, New York, N. Y.

R. S. Parsons, Cleveland, < ».

* Under construction.



soo MILEAGE OF ROADS AND MEMBERS.

Xanie of Road ami MeinliGisliip.

Eric Railroad— Continued.

G. S. Sims, New York, N. Y.

C. H. Moore, New York, N. Y.

R. A. Van Houten, Susqueliaiiiia, Pa.

W. B. Taylor, Buffalo, N. Y.

AV. M. Dawloy, Youngstown, O.

W. A. Smith, Suffern, N. Y.

O. K. Conard, Middletown, N. Y.

R. C. Falconer, New York. N. Y.
A. G. Norton, Otisville, N. Y.

Richard Mather, Cuba, N. Y.

Jvs(|uinialt & Nanaimo Railroad

Joseph Hunter, Vietoria. B. C.

'''Fcrro-carril Occidental de Guatemala
,1. B. Hatch, Guatemala, Guat.. C. A.

Fonda, Johnstown & Gloversville Railroad

F. A. Bagg, Gloversville, N. Y.

Fort Worth & Denver City Railway
G. F. Cotter, Fort Wortli, Tex.

*Franklin & Clearfield Railroad

F. K. Bissell, Franklin, Pa.

Galveston, Houston & Henderson Railroad....

C. S. Corrigan, Galveston, Tex.

Gila Valley, Globe & Northern Railroad

C. C. Mallard, Globe, Ariz.

*Goderich & Guelph Railway
p. Alex. Peterson, Goderieli, Ont.

Grand Rapids & Indiana Railway
F. J. Slinison. Grand Pta;)ids. Mich.

Grand Trunk Railway
B. H. Fitzhugh, Montreal, Canada.
F. H. McGuigan, Montreal, Canada.
W. McNab, Montreal, Canada.

Members. Mileage.

''Grand Trunk Pacific Railway 3

T-T. A. Woods, Montreal, Canada.
A. C. Dennis, Winnipeg, Manil(il)a.

K. J. C. Zinck, Montreal, Canada.

(ireat Northern R.'iilwa}'

.1. U. W. Davis, St. Paul, Minn.
Chas. A. Dmiham, St. Paul, Minn.
.1. M. Dixon, Devil's Dake, N. Dak.
Altred Jackson. St. Paul. Minn.

'Hinanlananio Railroad

Rich.ird IJriidk:-;, ( Juanlananin. ("iiba.

*( inateniala Railway
.;. T. N.)rl(Mi, I'lualo I'.arrios. (!ual.. C. .\.

4

80

453

50

599

4.6.39

?.q86

* Under eonstruel ion.



MILEAGE OF ROADS AND MEMBERS. 801

Name of Road and Membership. Members. Mileage.

Halifax & Southwestern Railway 2 374
L. H. Wheaton. Bridgewater, N. S.

W. H. Grant, Bridgewater, N. S.

Hankakii Railways of Japan i gg
Kyoichi Murakami, Osalca, Japan.

Harriman Lines 20 14,646
J. Kruttschnitt, Chicago, 111.

W. B. Scott. Chicago, 111.

Morgan's Louisiana & Texas Railroad:
E. B. Cushing. New Orleans, La.
A. F. Moursund, Algiers, La.

Oregon Short Line

:

B. Buckingham, Salt Lake City, Utah.
Wm. Ashton, Salt Lake City, Utah
J. P. Congdon, Pocatello, Idaho.
H. B. Merriam, Salt Lake City, Utah.
L. L. Dagron, Salt Lake City, Utah.

Sonora Railway

:

J. A. Naugle, Guaymas, Sonora, Mex.

Southern Pacific Company :

W. G. Van Vleck, Ilov.ston, Tex.

William Hood, Oakland, Cal.

J. H. Wallace, Oakland, Cal.

J. D. Isaacs, Oakland, Cal.

R. Koehler, Portland, Ore.

Thos. Fitzgerald, Ogden, Utah.

Union Pacific Railroad

:

R. L. Huntley, Omaha, Neb.

A. D. Scliermerhorn, Omaha, Neb.
James Keys, Omaha, Neb.
C. C. Post, Jr.. Omaha, Neb.
John C. Beye, Kansas City, Mo.

Hocking Valley Railroad I 346-

Wm. Michel, Columbus, O.

Hokkaido-Tanko Railway i 207

T. Olimra, Iwanizawa, Japan.

*Hudson River Tunnels i

J. W. Leahy, New York. N. Y.

Illinois Central Railroad 13 5,584

W. J. Harahan, Chicago, 111.

I. G. Rawn, Chicago, 111.

L, C. Fritch, Chicago, 111, -

A. S. Baldwin, Chicago, 111.

H. R. Safford, Chicago, 111.

D. J. Brumley. Chicago, III.

O. M. Dunn, New Orleans, La.
C. Dougherty, Clinton, 111.

W. A. D. Short, Chicago, 111.

* Under construction.

51
'



802 MILEAGE OF ROADS AND MEMBERS.

Name of Road and Membership. Members. Mileage.

Illinois Central Railroad—Continued.

C. W. Pifer, Chicago, 111.

A. F. Bla.ess. Clinton, 111.

R. S. Blinn, Mt. Vernon, O.

S. S. Roberts, Chicago, 111.

International Railway of Buffalo I 355
T. W. Wilson, Buffalo, N. Y.

Iowa Central i 503
H. G. Kelley, Minneapolis, Minn.

Kansas City Belt Railway i 52
G. M. "Walker, Jr., Kansas City, Mo.

Kansas City, Mexico & Orient Railway 3 500
E. Dickinson, Kansas City, Mo.
M. P. Paret, Kansas City, Mo.
W. W. Colpitis, Kansas City, Mo.

Kansas City Southern Railway i 762
A. F. Rust, Kansas City, Mo.

Lake Shore & Michigan Southern Railway 6 2,248

Lake Erie & Western Railway.
E. A. Handy, Cleveland. O.

Samuel Rockwell, Cleveland. O.
G. C. Cleveland, Cleveland, O.

W. Beahan, Cleveland, O.

R. O. Rote, Jr., Cleveland. O.

J. C. Ij. Fish, Limestone, Pa,

Lake Shore & Ishpeming, Munising, and Marquette &
Southeastern Railways i 150

R. C. Young, Marquette, Mich.

Lehigh Valley Railroad 3 1.434

Walter G. Berg, New York, N. Y.

E. B. Ashby, South Bethlehem, Pa.

F. E. Schall, South Bethlehem, Pa.

Long Island Railroad 2 392
C. L. Addison, Long Island City, N. Y.

J. B. Austin, Jr., Jamaica, N. Y.

Louisville & Nashville Railroad 3 4,020

R. Montfort, Louisville, Ky.
W. H. Courtenay, Louisville, Ky.
J. F. Burns, Elizabethtown, Ky.

Macon, Dublin & Savannah Railroad 2 92

J. T. Wright, Macon, Ga.
D. B. Dunn, Macon, Ga.

Maine Central Railroad i 821
B. W. Guppy, Portland, Me.

Marinette, Tomahawk & Western Railroad i 50
R. B. Tvv'eody, Milwaukee. Wis.

i

i

A



MILEAGE OF ROADS AND MEMBERS. 803

Name of Road and Membership.

Mexican Central Railway
A. A. Robinson, New York, N. Y.
Lewis Kingman, Mexico, Mex.
Hans> Bentele, Mexico. Mex.
E. E. Styner, Mexico, Mex.
E. S. Banks, Guadalajara, Mex.

Mexican Pacific Railway
A. P. Herbert, Colima, Mex.

Mexican Southern Railway
W. L. Morkill, Puebia, Mex.

Michigan Central Railroad
W. S. Kinnear, Detroit, Mich.
G. H. Webb, Detroit. Mich.
R. D. Starbuck, Detroit, Mich.
Hans Ibsen, Detroit, Mich.
A. C. Everham, Detroit, Mich.
T. H. Hickey, St. Thomas, Ont.
A. S. Zinn, St. Thomas, Ont.

*Military Railway of Japan
T. Endo, Chemulpo, Corea.

Milwaukee Electric Railway & Light Company
F. G. Simmons, Milwaukee, Wis.

Minneapolis & Rainy River Railroad

A. L. Davis, Deer River, Minn.

Minneapolis & St. Louis Railway
H. G. Kelley, Minneapolis, Minn.

Minneapolis, St. Paul & Sault Ste. Marie Railway.
E. Pennington, Minneapolis, Minn.

Mississippi River & Bonne Terre Railroad

C. H. Fake, Bonne Terre, Mo.

Missouri, Kansas & Texas Railroad

S. B. Fisher, St Louis, Mo.

Missouri Pacific Railway System
C. S. Clarke, St. Louis, Mo.
A. W. Sullivan, St. Louis,, Mo.
J. W. Higgins, St. Louis, Mo.
H. Baker, Little Rock, Ark.
M. L. Byers, St. Louis, Mo.
B. H. Mann, St. Louis, Mo.
R. C. St. John, St. Louis, Mo.
A. C. Butterworth, St. Louis, Mo.

Mobile & Ohio Railroad

B. A. Wood, Jackson, Tenn.

Mobile, Jackson & Kansas City Railway
T. F. Whlttelsej', Mobile, Ala.

Monongahela Railroad

D. K. Orr, Brownsville, Pa.

Members.

••• 5

Mileage.

3,156

59

263

1,745

42

843

2,159

46

3,043

6,340

gi2

402

* Under construction.



804 MILEAGE OF ROADS AND MEMBERS.

Name of Road and Membership. Members. Mileage.

Nashville, Chattanooga & St. Louis Railway 4 ' 1,200

J. W. Thomas, Jr., Nashville, Tenn.
Hunter McDonald, Nashville, Tenn.
G. D. Hicks, Tullahoma, Tenn.
I. O. Walker, Paducah, Ky.

National Lines of Mexico 4 i,732

C. J. Carroll, Durango, Mex.
F. W. Andros, Durang'o, Mex.
C. T. Norton, Forflrio, Diaz, Mex.
A. M. Shaw, Del Rio, Texas.

*National Transcontinental Railway 2

D. MacFherson, Ottawa, Canada.
A. N. Molesworth, Ottawa, Canada.

New Orleans Terminal Railway i 23

F. G. Jonah, New Orleans, La.

New York Central & Hudson River Railroad 9 3,205
W. J. Wilgus, New York, N. Y.

G. W. Kiltredge, New York, N. Y.

G. W. Vaughan, New York, N. Y.

H. S. Balliet, New York, N. Y.

Azel Ames, Jr., New York, N. Y.

A. B. Corthell, New York, N. Y.

D. L. Parker, New York, N. Y.

H. A. Lehn, New York, N. Y.

G. F. Morse, New York, N. Y.

New York, Chicago & St. Louis Railway 3 523

A. W. Johnston, Cleveland, O.

E. E. Hart, Cleveland, O.

A. J. Himes, Cleveland, O.

New York, New Haven & Hartford Railroad 3 2,046

E. H. McHenry, New Haven, Conn.
E. P. Dawley, New Haven. Conn.
"W. H. Moore, New Haven, Conn.

New York, Ontario & Western Railroad I 494
C. E. Knickerbocker, Middletown, N. Y.

New York, Philadelphia & Norfolk Railroad I 149
J. G. Rodgers, Cape Charles, Va.

New Zealand Government Railways 3 2,374
James Burnett, Wellington, N. Z.

D. T. Mcintosh, Auckland, N. Z.

F. W. MacLean, Dunedin, N. Z.

Nippon Railway of Japan i 8fco

Sozabura Sugiura, Tokio, Japan.

Norfolk & Southern Railroad i 223
F. L. Nicholson, Norfolk, Va.

Norfolk & Western Railway 2 1,834

Chas. S. Churchill, Roanoke, Va.
C. C. Wentworth, Roanoke, Va.

""

* Under construction.



MILEAGE OF ROADS AND MEMBERS. gOS

Name of Road and Membership. Members. Mileage.

North & South Texas Railway i 250
P. A. McCarthy, Lufkin, Texas.

Northern Pacific Railway 3 5,305

H. Elliott, St. Paul, Minn.
W. L. Darling, St. Paul, Minn.
W. I. Bassett. Scott, Wash.

Ohio River & Columbus Railroad i 24
G. C. Millett, Ripley, O.

*Oklahoma City, Denver & Gulf Railroad i

A. L. Phillips, Oklahoma City, Okla.

Pacific Electric Railway i 345
A. D. Schindler, Los Angeles, Cal.

Pennsylvania Lines West of Pittsburg 6 2,721

Thos. Rodd, Pittsburg, Pa.

TV. C. Gushing, Pittsburg. Pa.

Robt. Trimble, Pittsburg, Pa.

E. G. Ericson, Pittsburg, Pa.

A. A. Wirth, Pittsburg, Pa.
R. C. Barnard, Cincinnati, O.

Pennsylvania Railroad 6 5,190

J. T. Richards, Philadelphia, Pa.
R. Bell, Buffalo, N. T.

E. F. Kenney, Philadelphia, Pa.
A. H. Rudd, Philadelphia, Pa.
C. C. Anthony, Philadelphia, Pa.
"W. S. Thompson, Oil City, Pa.

Peoria & Pekin Union Railroad i 20
Curtiss Millard, Peoria, 111.

"^ere Marquette Railroad 2 2,398

E. K. Woodward, Detroit, Mich.
Job Tuthill, Detroit, Mich.

Philadelphia & Reading Railway 4 1.481

Wm. Hunter, Philadelphia, Pa.

C H. Ewing, Reading, Pa.

F. S. Stevens, Reading, Pa.
J. E. Turk, Tamaqua, Pa.

*PhiIadelphia Elevated Railroad & Subway i

Chas. M. Mills, Philadelphia, Pa.

*Philippine Railway Commission I

F. A. Molitor, Manila, P. I.

*Pittsburg, Binghamton & Eastern Railroad i

H. C. Ferris, Canton, Pa.

* Under construction.
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Name of Road and Membership. Members. Mileage.

Pittsburg & Lake Erie Railroad 4 igi
J. A. Atwood, Pittsburg, Pa.
A. R. Raymer, Pittsburg, Pa.
Edwin F. Wendt. Pittsburg, Pa.
E. W. Boots, McKeesport, Pa.

Queen & Crescent Route 6 1,158
W. A. Garrett, Cincinnati, O.
C. C. Harvey, New Orleans, La.
H. M. Waite, Somerset, Ky.
E. Ford, Vicltsburg, Miss.
J. C. Nelson, Birmingham, Ala.
J. C. Haugh, New Orleans, La.

Rio Grande, Sierra Madre & Pacific Railway i 160
J. P. Hallihan, El Paso, Texas.

St. Louis & North Arkansas Railroad 2 130
G. L. Sands, St. Louis, Mo.
W. S. Dawley, St. Louis, Mo.

St. Louis & San Francisco Railroad 3 5,076
J. F, Hinckley, St. Louis, Mo.
C. D. Purdon, St. Louis, Mo.
John V. Hanna, St. Louis, Mo.

San Pedro, Los Angeles & Salt Lake Railroad i 1,042
R. K. Brown, Salt Lake City, Utah.

Santa Fe, Prescott & Phoenix Railroad i 403
W. A. Drake, Prescott, Ariz.

Sanyo Railway of Japan i 370
J. Yamaguchi, Kobe, Japan.

*Seoul-Fusan Railway of Japan i

J. Inagaki, Fusan, Corea.

Southern Railway 6 7,492
C. H. Ackert, Washington, D. C.
D. W. Luin, Washington, D. C.

B. C. Milner, Louisville, Ky.
W. F. H. Finke, Washington, D. C.
C. C. Coffee, Princeton, Ind.

P. S. Fitzgerald, Birmingham, Ala.

Southern Indiana Railroad i 148
J. F. Cassell, Terre Haute, Ind.

South & Western Railroad 2 6y
M. J. Caples, Bristol, Va,-Tenn.
W. F. Steffens, Bristol, Va.-Tenn.

South Side Elevated Railroad of Chicago i 18

C. V. Weston, Chicago, 111.

Spokane International Railroad 2 140
E. G. Taber, Spokane, Wash.
J. H. Abbott, Spokane, Wash.

* Under construction.



MILEAGE OF ROADS AND MEMBERS. 807

Name of Road and Membership.

Susquehanna & New York Railway
C. A. Derr, Williamsport, Pa.

*Tachko-Kent Railway
Theo. Schidlovsky, Orenbourg, Russia.

Tehuantepec National Railway
J. B. Body, Mexico, Mex.

Temiskaming & Northern Ontario Railway
J. A. McCarthy, North Bay, Ont.

Members. Mileage.

94

Texas Midland Railroad

L. W. Wells, Terrell, Texas.

Tidewater Railway 4
H. Fernstrom, Norfolk, Va.
B. T. Elmore, Norfolk, Va.
C. H. Stengel, Norfolk, Va.
F. W. Hawks, Lurich, Va.

Uintah Railroad i

M. W. Cooley, Mack, Colo.

Union Belt Railroad of Memphis i

H. G. Fleming, Memphis, Tenn.

Union Railroad of Pittsburg i

E. J. Randall, Port Perry, Pa.

Union Stock Yards & Railroad Company 2

W. J. C. Kenyon, South Omaha, Neb.
W. S. King, South Omaha, Neb.

Vandalia Line
F. T. Hatch, St. Louis, Mo.
R. K. Rochester, St. Louis, Mo.
Maurice Coburn, Terre Haute, Ind.

Vera Cruz & Pacific Railway
W. A. Hill, Vera Cruz, Mex.

Victorian State Railways of Australia

Thos. Tait, Melbourne, Australia.

Wabash Railroad

P. A. Delano, Chicago, 111.

A. O. Cunningham, St. Louis, Mo.
J. E. Taussig. St. Louis, Mo.
Edward Shelah, Decatur, 111.

W. W. Greenland, Moberly, Mo.

Wabash-Pittsburg Terminal Railway
F. A. Delano, Chicago, 111.

B. A. Worthington, Pittsburg, Pa.

H. T. Douglas, Jr., Pittsburg, Pa.

Wellington & Manawatu Railway
James Marchbanks, Wellington, N.

113

125

6o

55

22

57

2 SO

3 821

I 265

I 3,113

5 2,517

3 60

* Under construction.



808 MILEAGE OF ROADS AND MEMBERS.

Name of Road and Membership. Members. Mileage.

Western Maryland Railroad 2 543
V. G. Bogue, New York, N. Y.

A. W. Buel. New York. N. Y.

Western Pacific Railway 2 40

V. G. Bogue, Oakland, Gal.

A. W. Buel, New York, N. Y.

Western Railways of Australia i 1,605

Thos. Watson, Coolgardie, West Australia.

Wheeling & Lake Erie Railroad 3 462
P. A. Delano, Chicago, 111.

E'. A. Worthington, Pittsburg, Pa.

H. T. Douglas, Jr., Pittsburg, Pa.

Wisconsin & Michigan Railroad i 125

B. C. Gowen, Peshtigo, Wis.

Wisconsin Central Railway i 977
C. N. Kalk, Milwaukee, Wis.

IVIiscellaneous 119

Total ' 550 214,263

DECEASED MEMBERS.

BouscAREN, L. F. G. Kellogg, E. A.

BuRKE^ S. E. Kidder, T. F.

Caffrey, Richard. Kline, Theo. D.

Clark, J. M. Mahl, J. T.

Clarke, L. H. • Morison, G. S.

Carpenter, C. A. Myers, E. T. D.

Casey, D. J. O'Melveny, J. C.

Collins, E. M. Parkhurst, H. W.

Curtis, W. G. Quinlan, G. A.

Draper, H. C. Schmidt, H. W.

FrEY, J. J. SOUTHGATE, R.

Gardner, G. W. Taylor, J. W.

GooDE, J. V. Torrey, A.

Hall, Ferdinand. Wight, R. H.

Hartigan, John G.
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INDEX.

Abbott, F. E., discussion on Rail, 559, 570, 571, 573, 574, 576.

Accounts, ledger, for individual pieces of work, 270-273, 282-290.

Address, President's annual, 9-12.

Allen, Andrews, discussion on Iron and Steel Structures, 252, 253.

Allen, C. Frank, discussion

:

On Ballasting, 97.

On Roadway, 443, 444, 445, 447.

On Yards and Terminals, 170, 171, 174, 175, 178, 181.

Amendments to Committee Reports

:

On Ballasting, 89.

On Iron and Steel Structures, 205-207.

On Masonry, 602-604.

On Records, Reports and Accounts, 281.

On Signs, Fences, Crossings and Cattle-Guards, 458.

On Track, 656.

On Uniform Rules, 22.

On Wooden Bridges and Trestles, 703, 704.

On Yards and Terminals, 156.

Appendix, 728-809.

Arrangement of telegraph block signals. 485.

Of interlocking and automatic electric signals, 507-514.

Automatic block signals, 505, 506.

B
Baldwin, A. S., discussion

:

On Fences and Cattle-Guards, 479, 480.

On Iron and Steel Structures, 257.

On Masonrj^ 607, 616, 617, 621, 622.

On Roadway, 447, 448.

On Signaling and Interlocking, 541, 543.

On Ties, 72.

On Track, 662, 663, 664.

On Water Service, 679.

On Yards and Terminals, 171, 172, 176, 177, 178, 179, 180, 181.

811



812 INDEX.

Ballasted deck trestles, plans of, 705-713.
j

Ballasting, report on, 83-88. J

Ballast cross-sections, 86-88.
i

Conclusions, 88.
J

Definitions, 83, 84. I

Discussion, 90-127. |

Disintegrated granite, 85, 86.
J,

Gravel, cinders, and burnt clay ballast, recommended principles of
|

practice, 84, 85. *

Specifications for stone ballast, 84. \

Barnard, R. C, discussion

:

•;

On Ballasting, 93, 95, 96, 100. ;.

On Classification of Track, 338. ^

On Roadway, 351. ',

On Signaling and Interlocking, 541, 544. 1-

On Ties, 72, 73.

On Yards and Terminals, 168, 177. :

Berg, Walter G.
]

Discussion on Roadway, 369, 438.

Election of, as Vice-President, 16. .

Block signals, recommended standard location of telegraph, 485.

Specifications for construction of, 486-490.
*

Specifications for mechanical interlocking and material for construe- > v

tion work, 491-504.

Bostwick, W. A., discussion on Rail, 566.

Boynton, C. W., discussion on Masonry, 618, 619. ,;

Bremner, G. H., discussion

:

On Roadway, 346, 347, 445, 447- ,'

On Ties, 70.

On Track, 664, 665.

On Yards and Terminals, 168, 176, 177.

Bridges, Iron and Steel, specifications for, 185-204.

Wooden, specifications for, 685-693.
,

Brown, E. C, discussion

:

On Masonry, 605, 606, 607, 608, 610, 612, 613, 615, 616, 617, 618, 620,

621, 622.

On Yards and Terminals, 169, 174.

Brunner, John, discussion on compression formulas, 208-211.

Buck, A. L., discussion

:

On Buildings, 637, 638.

On Classification of Track, 338.

On Masonry, 607, 609, 621.

On Rail, 565, 567, 568, 571.

On Records, Reports and Accounts, 320, 321, 322, 323, 324, 325, 326.

On Signs, Fences and Cattle-Guards, 475, 476, 478, 479.

On Track, 657, 662, 663.

Buel, A. W., discussion on uniform live loads for bridges, 211-215.



INDEX. 813

Buildings, report on, 625-631.

Discussion, 633-640.

Relative advantages and disadvantages of circular, square or other

special designs of roundhouses, 625-628.

Roundhouse doors, description and recommended practice, 630, 631.

Smokejacks, various designs and material, life, cost and recommended
practice, 629, 630.

Burns, J. F., discussion on Roadway, 347.

Business Session, 9-16.

c
Camp, W. i\I., discussion

:

On Classification of Track, 338.

On Rail, 565.

On Records, Reports and Accounts, 321.

On Track, 660, 661, 662.

On Uniform Rules, 2."].

On Yards and Terminals, 177, 178.

Caps and sills, specifications for, 686.

Carhart, P. H., discussion on Rail, 574, 575.

Cartlidge, C. H., discussion

:

On Iron and Steel Structures, 218, 219, 252, 253.

On Wooden Bridges and Trestles, 718, 721.

Chanute, O., discussion on Ties, "]}), 74.

Charts, track, 278, 316, 317.

Churchill, Chas. S., discussion

:

On Ballasting, 100, loi.

On Classification of Track, 333, 335, 336, Z2>1, 339-

On Iron and Steel Structures, 248, 255, 256.

On Masonry, 612, 622.

On Rail, 559, 563, 573.

On Records, Reports and Accounts, 323, 326, 327.

On Ties, 69.

On Wooden Bridges and Trestles, 718.

On Yards and Terminals, 172, 174, 176, 179.

Cinder ballast, 85.

Classification of Track, report on, 331, 2)y2.-

Classification of railway districts, 331.

Discussion, 333-340.

Traffic statistics of American railways used in classifying track, 332.

Committees, list of, 754-764.

Instructions to, 747-753.

Compression formulas, discussion on, 208-211.

Concrete failures, 579.

Condron, T. L., discussion on Iron and Steel Structures, 236, 246, 247, 248,

249, 261.

Constitution, 737-743.



814 INDEX.

Conventional signs, for right-of-way and topographical maps, 276-277,

.300-313.

For signaling and interlocking work, 515-521.

Coombs, R. D., discussion on Iron and Steel Structures, 232-235.

Cooper, Theo., discussion on Iron and Steel Structures, 222-224.

Crawford, C. G., discussion on Ties, 74-77.

Creosoting, specifications for, 41, 42.

Cross-sections, ballast, 86-88.

Cushing, W. C, discussion on Ballasting, 102-127.

Election of, as Director, 16.

Curtis, W. W., discussion on Ties, 65, 67, 68, 69, 71.

Curve, easement, 643-653.

D
Dating nail, specifications for, 37.

Davidson, G. M., discussion on Water Service, 677.

D'avis, Garrett, discussion

:

On Masonry, 617.

On Track, 657, 660, 664, 665.

Dawley, W. S., report of, as Treasurer, 12.

Re-election of, as Treasurer, 16.

Dean, John, discussion on Masonry, 608, 611, 616, 620.

Deceased members, 808.

Definitions of Terms

:

On Ballasting, 83.

On Masonry, 596-601.

On Roadway, 341-343.

On Signaling and Interlocking, 522-524.

On Signs. Fences, Crossings and Cattle-Guards, 458.

On Ties, zi-

On Wooden Bridges and Trestles, 683, 684.

On Yards and Terminals, 153-155.

Design, details of, for steel bridges, 185-194.

For wooden bridges, 692, 693.

Doors, roundhouse, 630, 631.

Dougherty, C, discussion on Roadway, 347.

Douglas fir, specifications for, 685-688.

Drawings, standard requirements for, 300-307.

Drop test, discussion on, 562, 563.

Dunham, Chas. A., discussion on Signaling and Interlocking, 534, 536, 537,

538, 539, 540, 542, 544, 545, 546, 547, 548.

E
Easement curves, 643-653.

Economics of Railway Location, progress report, 15.

Election of Officers, 16.
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5

Ewing, C. H., discussion

:

On Ballasting, 94, 100.

On Classification of Track, 335.

On Masonry, 618, 619.

On Records, Reports and Accounts, 326.

On Signaling and Interlocking, 534, 539, 545.

On Ties, 68.

On Track, 658, 659, 660, 661, 663.

On Uniform Rules, 24, 25, 26.

On Yards and Terminals, 172, 177, 181.

Fake, C. H., discussion

:

On Ballasting, 100.

On Masonry, 607.

Faulkner, E. O., discussion on Ties, 46-61.

Fence wire, corrosion of, 459-472.

Galvanizing, 454-456.

Ten.sile strength of, 456, 457.

Finley, W. H., discussion on Iron and Steel Structures, 254, 255.

Freight car repair yards, conclusion, 155.

Fritch, E. H., election of, as Secretary, 16.

Fritch, L. C, discussion

:

On Buildings, 637, 638.

On Classification of Track, 336, 337, 339, 340.

On Masonry, 607, 608, 609, 610, 612, 616, 618, 619.

On Records, Reports and Accounts, 321, 325, 326.

On Signaling and Interlocking, 538, 544.

On Signs, Fences, Crossings and Cattle-Guards, 475.

On Track, 662, 663.

On Yards and Terminals, 174, 177, 178, 179, 180, 181.

G
Gage, maintenance of, 654.

Glossary of Terms

:

On Ballasting, 83.

On Masonry, 596-601.

On Roadway, 341-343.

On Signaling and Interlocking, 522-524.

On Ties, 37.

On Wooden Bridges and Trestles, 683, 684.

On Yards and Terminals, 153-155.

Granite, disintegrated, 85, 86.

Gravel ballast, 84. 85.
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Griswold, H. C, discussion:

On Rail, 568, 569, 570.

On Track, 661.

Guard rail, specifications for, 685.

H
Hall, W. L., discussion on Ties, "]"].

Hanna, John V., discussion:

On Ballasting, 90, 91, 92, 93, 94, 95, 96, 98, 99, 100, 10 1, 102.

On Ties, 67, 74.

On Uniform Rules, 25, 27.

Hatt, W. K., discussion:

On Masonry, 610.

On Ties, 80-82.

On Wooden Bridges and Trestles, 715, 724, 725-

Hickey, T. H., discussion:

On Ballasting, 96.

On Yards and Terminals, 174, 175.

Hicks, G. D., discussion on Yards and Terminals, 181.

Himes, A. J., discussion :

On Masonry, 613, 614, 615, 616.

On Rail, 575, 576.

Hump yards, I30-I53-

Humphrey, Richard L., discussion

:

On Masonry, 610, 622, 623, 624.

Impact, minority report on, 216, 217.

Inspection of track, rules for, 654.

Interlocking, report on, 481-532.

Iron and Steel Structures, report on, 183-204.

Discussion, 218-264.

Discussion of compression formulas, 208-211.

Discussion of live load for railroad bridges, 211-215.

General specifications for steel railroad bridges, 185-204.

Minority report, 216, 217.

Recommended practice in contracting for steel railroad bridges, 184.

J
Jacoby, H. S., discus.sion

:

On Iron and Steel Structures, 241.

On Wooden Bridges and Trestles, 714, 715, 721, I22. yi},. 7M-

Johnston, A. W., discussion

:

On Ballasting, 91, 92.
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Johnston, A. W.—Continued.

On Signaling and Interlocking, 541.

On Uniform Rules, 2,^, 25, 27.

On "^'ards and Terminals, i/i, 17,^, 174, 175, 176.

K
Kelley, H. G. (see also under The President) :

Annual address of, 9-12.

Khuen, Richard, discussion on Iron and Steel Structures, 249, 250, 262.

Kittredge, Geo. W., discussion

:

On Masonry, 611, 613, 614, 619.

On Track, 658, 659.

Kruttschnitt, J., discussion on Ties, 44-46.

Ledger accounts for individual pieces of work, 2y2-2y^, 282-290.

List of members, 765-794.

Loads, specifications for, 185-187.

Location of signals, 485, 507-514.

Discussion on, 211-215.

Loweth, C. F., discussion

:

On Iron and Steel Structures, 248, 249, 256, 262, 263.

On Masonry, 607, 609, 611, 612, 613, 615, 619, 620.

On Wooden Bridges and Trestles, 721, 722.

M
McDonald, Hunter, discussion:

On Ballasting, 96, 97, 100, loi.

On Buildings, 637.

On Classification of Track, 335, 340.

On Iron and Steel Structures, 249, 251, 257, 25S, j()i, 2()2.

On Masonry, 609, 620.

On Rail, 567, 576.

On Records, Reports and Accounts, 324, 325, 329.

On Signaling and Interlocking, 537, 542, 544, 546, 547, 548.

On Signs, Fences, Crossings and Cattle-Guards, 474, 475, 476, 477,

478, 480.

On Track, 662.

On' Wooden Bridges and Trestles, 715, 719.

On Yards and Terminals, 175, 176, i8r.

McGill, Dr. Anthony, discussion on Water Service, ^j?', 6jC).

McGuigan, F. H., discussion on Ties, 71, y2.

MacPherson, D., discussion on Buildings, 640.

52
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Mi-Nalt, \V., pi()iirt.ss rfjiiiil on i'lcouimiics of Railway Locatiuii, 15.

Mainlenancc of way departnient, rules governing- employes of, 20, 21.

Mann, B. H., discussion on Signaling and Interlocking, 538, 540, 542, 547,

548.

Manning, R. G., discussion on specifications for steel bridges, 224-227.

Manual of recommended practice, rules governing publication of, 746, 747.

Masonry, report on, 579, 601.

Classification of masonry, 596.

Conclusions, 601.

' Concrete and reinforced concrete, co-operation with conunittee on,

588-595-

Concrete failures, progress report on, 579.

Definitions, 596-601.

Discussion, 605-624.

Stone masonry, specifications for, 581-587.

Waterproofing masonry, progress report, 580.

Waterways for culverts, progress report, 580.

Mather, Richard, discussion on Uniform Rules, 27.

Membership and mileage of roads represented in the Association, 795-808.

Minority report on impact, 216, 217.

Mock, J. C, discussion on Signaling and Interlocking, 542, 543, 545.

Modjeski, R., discussion:

On Masonry, 608, 613. 622.

On Iron and Steel Structures, 219-222, 245, 246.

Montzheimer, A., discussion :

On Records, Reports and Account.s, 321, ^22.

On Yards and Terminals, 172, 180.

Moore, Robert, discussion

:

On Classification of Track, 336.

On Iron and Steel Structures, 250, 251, 253, 254, 255, 256, 257, 262.

On Masonry, 607, 610, 612, 620.

On Roadway, 346.

N
Nail, specifications for dating, ^y.

o
Officers, election of, 16.

Past and present, list of, 728-736.

Organization of committees for 1906-7, 754-764.

Overhaul clause, 346.

Abstract of current practice of Association members, 428-442.

Digest of replies to circular relating to practice or preference in

computing and paying for, 430, 431.

Discussion, 432-442, 443, 449.

Review of literature of, 357-427.

Review of practice in the treatment of, in earthwork construction,

353-356.
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Past and present officers, list of, yii-y^G.

Pence, W. D., discussion

:

On Buildings, 639.

On Classification of Track, 340.

On Iron and Steel Structures, 263.

On Masonry, 617, 618, 621.

On Roadway, 347, 348, 444.

On Signaling and Interlocking, 546.

On Uniform Rules, 26, 27.

On Yards and Terminals, 172, 174.

Pile and timber trestles to be built under contract, specifications for,

689-691.

Piling, specifications for, 685-688.

Poland, W. B., discussion on Ties, 6g, 70.

Porter, H. T., discussion :

On Classification of Track, 338, 339.

On Rail, 565, 566, 567.

On Records, Reports and Accounts, 322.

Posts, specifications for, 452, 453.

Preservative treatment for ties, specifications for, 39-43.

Profiles, progress, 278, 314, 315.

Punching and reaming, specifications for, 35.

Purdon, C. D., discussion

:

On Impact, 216, 217.

R
Rail joint, requirements for a standard, 655.

Rail, report on, 549, 556.

Comparison of specifications, 552, 553.

Discussion, 557-577.

Drop test and shrinkage clause, 551.

Open-hearth steel rails, 555.

Statistics as to breakage of rails, 550, 551.

Statistics as to life of rails, 549.

Raymer, A. R., discussion

:

On Buildings, 636, 637, 638, 639.

On Signaling and Interlocking, 536.

On Track, 660.

Records, Reports and Accounts, report on, 265-317.

Conclusions, 279, 280.

Conventional signs for right-of-way and topographical maps, 276, 277,

300.

General purpose of report of 1906, 269.

Ledger accounts for individual pieces of work, 270-273. 2S2-290,
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Records, Reports and Accounts.—Continued.

Maintenance of way office records of bridges and culverts, 273-276,

291-299.

Progress profiles, 278, 314, 315.

Review of report for 1905, 266-268.

Revision of matter appearing in Manual, 268. 269.

Standard requirements for drawings, 300-307.

Standard symbols of various roads, 308, 313.

Track charts, 278, 316.

Reichmann, A. F., discussion on Iron and Steel Structures, 249, 254, 263.

Reinforced concrete, co-operation with joint committee on, 588-595.

Roadway, report on, 341-442.

Abstract of current practice of Association members in reference to

overhaul, 428-442.

Conclusion, 442.

Discussion of overhaul, 430-442, 443-449.

Glossary of terms, 341-343-

Overhaul, review of practice in the treatment of, in earthwork con-

struction, 353-356.

Review of literature on overhaul, 357-427.

Robinson, A. F., discussion on Iron and Steel Structures, 216, 217, 237,

238, 247, 251, 254.

Right-of-way fences, specifications for, 451-454.

Rohwer, H., discussion on Roadway, 341.

Rockwell, S., discussion on Ties, 68, 70, 72.

Roundhouses, relative advantages and disadvantages of various types,

625-629.

Doors, conclusions, 630, 631.

Rowe, S. M., discussion on Ties, 77-79.

Rules, Uniform, report on, 19-21.

For tie records, 38.

SafFord, discussion on proper size of ties and spacing of track ties, 63, 64.

Schaub, J. W., discussion
:'

On Buildings, 639.

On Iron and Steel Structures, 245, 246, 247, 255.

On Masonry, 608, 609, 622.

On Wooden Bridges and Trestles, 722.

Schneider, C. C, discussion on Iron and Steel Structures, 246, 252, 254,

257, 261, 262, 263.

Secretary, report of, 12.

Election of, 16.

Selbv, O. E., discussion on Iron and Steel Structures, 227-232.
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Shaw, A. M., discussion

:

On Classification of Track, 335.

On Roadway, 348, 448, 449.

Short, W. A. D., discussion on Signahng and Interlocking, 547, 548.

Shurtleff, A. K., discussion

:

On Ballasting, 98.

On Roadway, 348, 349.

On Ties, 68, 71-

Signaling and Interlocking, report on :

Conclusions, 481, 482.

Automatic block signals, 505, 506.

Conventional signs, 515-521.

Definitions. 522-524.

Recommended standard location of telegraph block signals, 485.

Result of letter-ballot on question of angle travel of semaphore arm

for block and interlocking signals, 525-532.

Specifications for construction of mechanical interlocking and material

for construction work, 491-504.

Specifications for construction of telegraph block signal and connec-

tions, 486-490.

Various types and locations for interlocking and automatic electric

signals, 507-514.

Signs, Fences, Crossings and Cattle-Guards, report on, 451-472.

Conclusions, 458.

Corrosion of fence wire, 459-372.

Definitions, 458.

Discussion, 473-480.

Fence wire, galvanizing, 454-456.

Fence wire, tensile strength of, 456, 457.

Specifications for right-of-way fences, 451-454.

Sills, specifications for, 691.

Slifer, H. J., discussion

:

On Classification of Track, 336, 339.

On Roadway, 352, 443, 444, 445, 446, 447, 448-

On Ties, 70, 71.

Smokejacks, conclusions, 629.

Snow, J. P., discussion on Iron and Steel Structures, 235, 236, 237, 238,

239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 250, 256, 257, 258, 259,

260, 261, 262, 263, 264.

Election of, as Director, 16.

Specifications

:

For bridge and trestle timber and piling, 685-688.

For construction of telegraph block signal and connections, 486-490.

For mechanical interlocking and material for construction work, 491-

S04.

For metallic details used in wooden bridges and trestles, 692, 693.

For right-of-way fences, 451-454.
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Specifications.—Continued.

For steel railroad bridges, 185-204.

For stone ballast, 84.

For stone masonry, 581-587.

For ties, 34-36.

For workmanship for pile and timber trestles, 6S9-Cgi.

Stevens, F. S., discussion

:

On Ballasting, 91, 92, 94, 95, 98, 99, lOi.

On Yards and Terminals, 178.

Storey, W. B., Jr., discussion

:

On Buildings, 636, 637.

On Classification of Track, 340.

On Signaling and Interlocking, 542.

Stringers, .specifications for, 691.

Sullivan, J. G., discussion on Roadway, 349-351.

Summit or hump yards, 130-153.

T
Talbot, A. N., discussion

:

On Masonry, 609.

On Wooden Bridges and Trestles, ']2i, 723.

Team delivery yards, conclusions, 155, 156.

Telegraph and controlled manual block signals, requisites of installation,

483, 484-

Terminals, report on, 129-167.

Thackray, Geo., discussion on Rail, 564, 565, 572, 575.

Tie treatment, specifications for, 39-43.

Ties, report on, 29-43.

Conclusions, 33.

Definitions, 37.

Discussion, 44-82.

Rules for tie records, 38.

Specifications for ties, 34-36.

For dating nail, 37.

For tie treatment, 39-43.

Track charts, 278, 316, 317.

Track, classification of, report on, 331, 332.

Track, report on, 641-656.

Conclusions, 655.

Discussion, 657-666.

Easement curves, 643-653.

Inspection of track, rules for, 654.

Maintenance of gage, 654.

Traffic statistics of American railways used in classifying track, ^si^^

Tratman, E. E. R., discussion

:

Pn Pallasting, 90, 91,



INDKX. 823

'Jralinaii. 1'".. I'.. 1\. Cmiliiunil.

On Signs. I'onoes and C"attlc--(juar>ls, 480.

On Yards and Terminals, 168, 17,^, 174, i.So.

Trestles, report on. 681-713.

Trimble, Robert, discussion :

On Ballasting, 93, 94.

On Rail, 560, 574.

On Signaling and Interlocking, 540, 541, 542, 543, 544.

On Signs, Fences and Cattle-Guards, 476.

On Track, 663, 664.

Turneaure, F. E., discussion on Iron and Steel Structures, 251, 252, 253,

254-

Tye, W. F., discussion :

On Classification of Track, 334. 335. ;iTij, 338.

On Rail, 562, 563, 564, 568, 569.

On Records, Reports and Accounts, 319, 320, 322, 323, 324, 325, 328.

On Ties, 79, 80.

u
Uniform Rules, report on, 19-2T.

Discussion, 23-27.

Rules governing employes of the maintenance of way department,

20, 21.

w
Waite, H. M., discussion on Roadway, 351.

Wallace, J. H., discussion on Rail, 571, 572.

Walker, G. M., discussion on Roadway, 373-380.

W^alker, I. O., discussion

:

On Uniform Rules, 25.

On Wooden Bridges and Trestles, 719.

Water Service, report on, 667-676.

Discussion, 677-680.

Results from water-softening on various railroads, 668-676.

Waterproofing masonry, 580.

Waterways for culverts, 580.

Webb, G. H., discussion on Uniform Rules, 23, 2j.

Webster, Wm. R., discussion

:

On Iron and Steel Structures, 244, 245, 246, 247, 248, 249, 259, 262, 263.

On Rail, 559, 560, 561. 562, 563, 564, 565, 566, 567, 568, 569, 570, 5/2,

573, 574, 575, 576, 577-

Wellhouse treatment, 42, 43.

Wendt, Edwin F., discussion

:

On Ballasting, 99. loi, 102.

On Buildings, 635, 639.

On Records, Reports and Accounts, 318, 319, 320, 321, 322, 325, 326,

328, 329.
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Wcndt, Edwin F.—Continued.

On Signaling and Interlocking, 540, 541, 544, 545.

On Ties, 66.

On Track, 657, 658, 660, 662.

On Yards and Terminals, 169, 171, 172, 181, 182.

On Uniform Rules, 26.

Wheaton, L. H., discussion on Roadwa}', 351.

Wickhorst, M. H., discussion on Water Service, 679, 680.

Williams, W. D., discussion on Signs, Fences and Cattle-Guards, 474, 477,

478.

Wooden Bridges and Trestles, report on, 681-713.

Ballasted deck trestles, plans of, 705-713.

Conclusions, 681-682.

Definitions, 683, 684.

Discussion, 714-725.

Specifications

:

For bridge and trestle timber and piling, 685-688.

For metallic details used in wooden bridges and trestles, 692, 693.

For workmanship for pile and timber trestles to be built by

contract, 689-691.

Safe unit stresses, 694.

Tests :

Of Pacific Coast red fir, 696, 697, 712.

Of Douglas fir and long-leaf yellow pine, 699, 700, 701.

Woodworth, G. B., discussion

:

On Ballasting, 97, 98.

On Signs, Fences, Crossings and Cattle-guards, 478, 480.

On Ties, 70.

On Track, 662.

Workmanship, specifications for, 199-203.

Yards and Terminals, report on, 129-167.

Discussion, 168-1B2.

Enola yard, Pennsylvania Railroad, 157.

Freight car repair yards, conclusions, 155.

Grades for hump yards, 157-167.

Hump yards, 130-153.

Revision of definitions and conclusions previously adopted, 153-155-

Team delivery yards, conclusions, 155, 156.

Yard and terminal improvements, 129, 130.

Young, R. C, discussion on Roadway, 351.

Zinc Chloride treatment, 40.

Creosote treatment, 43.

Tannin treatment, 40, 41.
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PNEUMATIC GATE
COMPANY

MAKDPACTURERS OF
^

"ELLIOTT NEW STYLE"

PURELY

PNEUMATIC GATES

Now made in sizes to operate arms of

anv desirable length with ease and with sat-

isfactory control.

When the view is sufficiently good, two

or more crossings within the limits of i,ooo

feet equipped with such gates can be readily

operated by one man.

950-956 South Fairfield Avenue

CHICAGO



ADOPTED BY THE
LEADING RAILROADS. MANUFACTURERS. ARCHITECTS AND BUILDERS

As The STANDARD ROOFING
SEA GRIT —

WOOL FELT-
WOOL FELT
GRANITE COMPOSITION

WRITE FOR TESTIMONIALS. PHOTO-PAMPHLET AND SAMPLES.

v^a^^

1885
I906

22
Years'

Universal
Satisfaction

Our Railroad

business has
increased phe-

nomenally dur-

ing 12 months
just past, prov-

ing that

Granite

Roofing

is giving best

results.

Our additional

warehouses at

Chicago and
St. Louis assure

quick delivery

in the West.

Collinwood, Ohio, L. S. & iVI. S. R. R. Shops.

430,700 Square Feet Granite Roofing in Use.

MANUFACTURED ONLY BY

The Eastern Granite Roofing Co.
INCORPORATED 1885

NEW YORK
PITTSBURGH

CHICAGO
ST. LOUIS
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Poage Style D Water Column with

Fenner Drop Spout.

Has a vertical and lateral movement to reach all sizes

of tenders and saves time of spotting engines.

SEND FOR CATALOGUE C.

American Valve and Meter Co.
Cincinnati, Ohio.



This Stand throws parallel with the track.

It operates the switch direct with the gear.

It is perfectly housed and sets on head blocks just

high enough to keep the mechanism free from dirt

and water.

It has a right and left connection.

This stand has every good feature possible to embody
in a Stand of this type.

Manufactured Exclusively by

American Valve and Meter Co.
Cincinnati, Ohio.
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Cement=^=

A
Standard

Portland \^

For

Universal
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Present Daily Output, 6,500 Barrels

Increasing: to - - 1^^,000 Barrels

Plants at Chicago and Pittsburg

Universal Portland Cement Co.
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The Buda Foundry & Mfg. Co.

Main Office, CHICAGO Works, HARVEY, ILL.

NEW YORK, 26 Cortlandt St. ST. LOUIS, Frisco Bldgf.

Over 90 per cent of the U. S. Railroad Mile-

age use Buda Track and other Railroad Supplies.

It is the result of quality.

We sell no goods made by others, and we
manufacture nothing which does not permit us to

offer the purchaser some feature of advantage

or economy.

Our line includes the following:

BUDA SCALES RAIL BENDERS

RATCHET, FRICTION and TRACK GAUGESand LEVELS

BALL-BEARING JACKS CROSSING GATES

HAND CARS. PUSH CARS SWITCH STANDS

VELOCIPEDES CAR REPLACERS

TRACK DRILLS STOVES

OUR PAIGE IRON WORKS DEPARTMENT

The Paige Iron Works Department maintains

a large shop for the manufacture of special track

work, such as Frogs, Crossings, Switches, etc.

A force of trained engineers are in charge of the

work, and to further insure accuracy nothing is

sent out which is not first set up on the floor.

OUR FACILITIES ARE THE BEST



"Vulcanite"

Portland Cement

ABSOLUTELY SOUND
UNIFORM AND RELIABLE

Sand Carrying Capacity and

Quality Considered the Cheap-

est Cement on the Market

Manufactured by

The Vulcanite Portland
Cement Company

MAIN OFFICE SALES OFFICE

Land Title Building Flatiron Building

PHILADELPHIA NEW YORK



General Railway Signal COi

INTERLOCKINGS—EMPLOYING ELEC-

TRIC, PNEUMATIC or MANUAL
POWER, or ANY COMBINATION
OF SAME, TO SUIT ALL CON-
DITIONS.

BLOCK SIGNALS- AUTOMATIC,
SEMI-AUTOMATIC and MANUAL
CONTROLLED for STEAM and

ELECTRIC RAILWAYS.

CROSSING GATES—ELECTRIC and

MECHANICAL for PROTECTION of

HIGHWAYS.

ANDERSON-BEVAN DERAILS
General Offices, BUFFALO, N. Y.

BRANCH OFFICES:

NEW YORK: 527 Fifth A'he,

CHICAGO: t339 Monadnock Block.

Buffalo, N.Y. JwoRKs} Rochester, N^ Y.

Catalogues, "Plans and Estimates on Application.



THE STANDARD AMERICAN BRAND

ATLAS PORTLAND

CEMENT

ALWAYS UNIFORM

PREDOAIINATES IN RAILROAD WORK

Output for 1906 over 12,000,000 bbls.

The AtlasPortlandCement Co.

30 Broad Street

NEW YORK CITY

i



THE i UNION SWITCH & SIGNAL CO.
General Office and Works: Swissvale, Pa.. U. S. A.

SIGNAL ENGINEERS AND

CONSTRUCTORS

Designers and Consulting Engineers
in the Art of Safe and Expeditious

Movement of Trains in Yards and on
the Open Road.

GOOD SIGNALING means getting the most

service out of a unit of track

: Grand Prize at the Louisiana

Purchase Exposition

BLOCK SIGNALS
Automatic Electric Semaphores; over 17,000 now

-fl in use, on 76 different railroads.

Automatic Electro-Pneumatic; about 7,500 now
in use.

Manual Station and Train-Order Signals.

INTERLOCKING
Electric, Electro-Pneumatic and Mechanical

Machines in all sizes to meet all conditions.

ELECTRIC TRAIN STAFF
A simple and safe means of protecting
single track. A pair of staff instruments
gives the best protection for a bridge or
tunnel under repair or for congested points.

SUNDRIES
Crossing Bells, Relays, Electric Locks

and Slots and all sorts of special devices.



Pittsburgh Testing Laboratory
(Limited)

Inspecting and Metallurgical Engineers

and Chemists

PITTSBURGH, PENNA.

Among the railroads for which we have inspected and tested material and

workmanship for bridges, buildings, fteel and wood cars during the paA year are the

Canadian Pacific

Central Railway of Vermont

Chesapeake tr- Ohio

Chicago t^ Eastern Illinois

Chicago Lr- Alton

Chicago tr" Western Indiana

Chicago. Milwaukee tr" St. Paul

Delaware. Lackawanna tr- Western

Erie R. R.

Grand Trunk
International tr- Great Northern

Maine Central

Michigan Central

>lissouri. Kansas tr* Texas

Mobile Lr- Ohio

Nashville, Chattanooga £y St. Louis

New York Rapid Transit (Sub'way'i

Oklahoma City fcr- Western

Ohio River Bridge fy Ferry Co.

Pennsylvania Lines West of Pitts.

Southern Pacific

Union Pacific System

Missouri Pacific

Wisconsin Central

BRANCH OFFICES:

NEW YORK PHILADELPHIA RICHMOND. VA.

60 New Street 906-907 Crozier Building Mutual Building

CHAMBERS & HONE. Cons. Engs. H. A. SCHOFIELD. Res. Mgr. E. T. D. MYERS. Res. Mgr.

CHICAGO
1442 Monadnock Block

JAMES A. LISTER. Resident Manager

SAN FRANCISCO
1068 Broadway. Oakland

SMITH EMERY & CO.

Inspectors permanently located in all of the principal mills

and structural shops in the country



American Iron and Steel

Manufacturing Co. :: II

^

General Office:

LEBANON, PA.

Plants at

LEBANON and RE.ADING, PA-

n

Write us regarding Harvey Grip Track

Bolts. Screw Spikes. Stay Bolt Iron. Etc.

n

BRANCH SALES OFFICE.S:

New York

Philadelphia

Chicago

Boston

San Francisco

Atlanta



OVER, 25000JMILES IN USE

Protected

By

U. S.

Patents.

Showing the

unprecedented
approval of the

Base Supported

Rail Joint

by Railway Managers.

Made from

Rolled Steel to

fit over 125

Sections

of Rails.

RECEIVED THE
HIGHEST AWARDS

Paris, 1900

Buffalo, 1901

St. Louis, 1904

The Rail Joint Co.
Makers of

Rail Joints,Step or Compromise Girder

and Insulating Rail Joints.

General Offices: 29 West 34th Street,
New York City.

Catalogfs Furnished at all Agencies.

ATLANTA, GA. - Eng. Am. Bldg.
BALTIMORE.MD.. Union Trust Bldg.
BOSTON, MASS. - - India Bldg.
CHICAGO, ILL. Mon.adnock Bldg.
CINCINNATI, O. 1st Nat. Bk. Bldg.
DENVER, COLO. - Equitable Bldg.
NEW YORK, N. Y. - 39 VV. 34th St.

NEW ORLEANS, LA. - Hennen Bldg.
TROY, N. Y. - - - Burden Ave.
PORTLAND, ORE. Marquam Bldg.
PITTSBURG. PA. • Lewis Block.
SEATTLE. WASH. - Alaska Bldg.
ST. PAUL. MINN. Pioneer Press Bldg.
ST. LOUIS, MO. Commer'l Trust Bldg.



steel Tanks

This completed structure, including all pipes, frost

casing, foundations, etc., costs little, if any, more
than a wood tank on steel sub-structure, and is an
all-steel, permanent structure. Full information
regarding its many advantages mailed upon request.

Chicago Bridge & Iron Works
105th and Throop Sts. CHICAGO, ILL.

Bridges, Roof Trusses, Bulldingfs, Stand Pipes,

Smoke Stacks, Riveted Pipe, Locomotive Jurntables
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A No. 1 Drawing Table.

Six different standard sizes and stvles.

A Two-Section Filing Cabinet with

a four-inch Drawer in the base.

Drawing tables and cases to meet tlie demand of every class of trade.

Valuable information in the new catalogue just out. Write for one.

It will help you decide what you want. Direct from factory to you.
Prices and goods that are i-ight. Half our business is from our old

customers. Once a customer, always a friend.

ECONOMY DRAWING TABLE CO.

1302 UTAH STREET = = = TOLEDO, OHIO

Tw^o Good Appliances for
Maintenance of the Way.
The Kalamazoo Improved Pressed Steel

Hand Car Wheel

For new cars, or repairing old (of

any make).

Its design embodies many new
features, by reason of which it will

trive double the service of any other

hand car wheel.

Why not investigate its merits

when again in need of wheels, by

ordering a few sets or a

Kalamazoo Hand CarV

The Moore Track Drill

Ijikewise an impro\ement. The faults of
other designs have been eliminated and new
ideas incorporated, making it the safest, most
rapid and most economical machine for the
purpose.
These are strong claims, but results pro\i

them true.
Will send one on ajtproval if desired. Writ,

us for further information.

Kalamazoo Railway Supply Co.
Manufacturers

Kalamazoo. .... Mich.
rMlKR-CHTC H PATTKRX.



AMERICAN
Hoisting Engines

AND

DERRICKS
Give

Maximum Results
a.t a.

Minimum of Cost and Effort

Complete Descriptive Catalogue yours

for the asking

AMERICAN HOIST AND DERRICK GO.
ST. PAUL, U. S. A.

CHICAGO NEW YORK BOSTON NEW ORLEANS SAN FRANCISCO

J. G.WHITE & COMPANY
( INCORPORATED

)

ENGINEERS—CONTRACTORS
43-49 Exchange Place,

41-43 Wall Street,
NEW YORK, N. Y

ENGINEERING DEPARTMENT
Reports made on Electric Railways, Elec-

tric Ijight and Power Properties, Steam
Railways, etc., etc., for Trust Companies,
Bankers and Investors, Separate Mechani-
cal, Electrical, Civil and Hydraulic Engi-
neering Departments. Acts as Consulting
or Supervising Engineers for work embraced
in any of its departments.

OPERATING DEPARTMENT
Electric Railways, Electric Light and

Power Plants. Gas Works, Water Works,
etc., operated.

CONSTRUCTION DEPARTMENT
Electric Railways, Electric Light and Power

Plants, Steam Railroads, Water Works, Gas

Works, etc., etc., built on basis of either

fljfed amount or actual cost and supervising

fee.

FINANCE DEPARTMENT
Assistance given in financing meritorious

enterprises for Public Service Utilities,

Transportation or Industrial Purposes. .

I.OXDOX CORUESl'ONDENTS lANADIAX COHHKSl'O.NDKXT.S

J. G. White & Company, Ltd. Canadian While Company, Ltd.

22A College Hill. LONDON. E.C. MONTREAL

PRINCIPAL PHILIPPINE OFFICE: MANILA, P. I.





MJihliiiliitel

Tapes AND Rules
ARE THE BEST IN THE WORLD.

^^
4fa(/e6j/THE LUFKIN RULE CO.

FOR SALE EVERYWHERE. Saginaw, Mich., U. S. A.
SEND FOR CATALOG New York. London.

The National Lock Washer Co*

NEWARK, N. J.

MANUFACTURERS OF NUT LOCKS

Chicago Office 4J9 Monadnock Block

Compliments of

Verona Tool Works

Pittsburg, Pa.

KETTLE RIVER QUARRIES CO.

BUILDIING AIND BRIDGE STOINE

CRE080TED TIES AND TI/WBERS

MIINNEAPOLIS. - - - MIININ.
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Lidgerwood Steam and
Electric Hoisting Engines

LIDGERWOOD
RAPID

UNLOADER

Orange Peel and Clam Shell

Excavators. Derricks

LIDGERWOOD
MFG. CO.

WALTER H. BALDWIH
Sales Mgr.

Old Colony Bldg:.

CHICAGO
Catalogs

Ramapo Iron Works

HILLBURN, NEW YORK

Niagara Falls

MacPherson Switch and Prog

r
—/ d5a^
Safety Switch Stand

CROSSINGS, SWITCHES,

FROGS

Write Dept. B for Catalogues





SIGNAL AND ELECTRICAL ENGINEERS SHOULD SEND

FOR THE EDISON BATTERY CATALOG

Data and constants relating to the Edison Primary Battery are use-

ful to anyone interested in the maintenance of semaphore signals or

telegraph equipment.

Our new Catalog gives facts about the maximum current that

batteries will deliver, the best average working current, the voltage, the

number of ampere-hours and watt-hours furnished by different sizes, the

first cost of batteries, the cost of renewals and up keep, the installation

and care of batteries, etc. It is a convenient handbook intended to be

carried in the pocket or filed in a pigeon-hole. It is not filled with the

usual fulsome catalog praise, but quotes investigations on primary bat-

teries by such authorities as Prof. H. S. Carhart, Dr. A. E. Kenneily and

Prof. W. R. Cooper. It shows that an Edison cell contains the most

energy per lb. of weight and could lift itself 85,482 ft.; that the com-

pressed copper oxide briquettes prevent polarizing and decrease internal

resistance, so that the resistance of an Edison cell actually decreases

with service, and that the manner of amalgamating Edison zincs is the

only sure way of preventing local action. Not only does labor for renew-

ing Edison cells cost least, on account of simplified, careful design, but

Edison renewals, due to our improved manufacturing methods, are the

cheapest form of battery energy.

Edison Cells and Edison Spark Coils form the most economical

outfits for sparking gas or gasoline engines at pumping stations, etc.

The coil saves the battery. It is wound with short thick wire and is

twice heavier than cheaper coils. The price has ju-st been reduced from

$3.25 to $2.50. Ask also for Book on Battery Sparks.

Edison Mfg. Company
ORANGE, N. J.

31 Union Square, New York 304 Wabash Ave., Chicago
25 Clerkenwell Road, London



THE PENNSYLVANIA STEEL
COMPANY

Fro^ and Switch Department

STEELTON, PA.
GENERAL SALES OFFICE—Girard Building. Philadelphia. Pa.

Manard Anvil Face Frog, Design 153

Easy riding, best wearing, heaviest type of frog mada. "Perfect Surface" feature,

and solid block with point and wheel bearing surfaces of special "Manard"
steel, insure maximum wear. Crossings and street railway special

track work of "Manard" construction in use by the
leading steam and electric railroads.

Tongue Switch for Steam Railroads in Paved Streets

Center and Tongue made of "Manard" steel. Pin of Tongue 5-inch diameter

with ground bottom bearing on "Manard" steel. Tongue of grooved

pattern, giving the required stiffness for Freight Service.

Efficient tightening device holding tongue
firmly towards heel of switch.

SALES OFFICES
Baltimore, Md. San Francisco, Cal. Boston, Mass.

St. Louis, Mo, Chicago, 111.

Steelton, Pa. New York, N. Y. London, England.
Philadelphia, Pa. City of Mexico.



PROCEEDINGS

American Railway Engineering
and =

Maintenance ofWay Association
Contents :

COMMITTEE REPORTS and DISCUSSIONS on

Roadway, Ballast, Ties, Rail, Track, Buildings, Masonry,

Wooden Bridges and Trestles, Signaling and Interlocking,

Records, Reports and Accounts, Signs, Fences,

Crossings and Cattle-Guards, Uniform Rules

Water Service, Yards and Terminals, Iron,

and Steel Strudlures.

COMPLETE, SET (Seven Volumes), POSTPAID
Paper, $12.50; Cloth, $16.00; Half=Morocco, $19.00.

Manual of Recommended Practice

FOR

Railway Engineering and Maintenance

of Way

CONTAINING THE

Definitions, Specifications and Principles of Practice Adopted

and Recommended by the American Railway Engi-

neering and Maintenance of Way
Association

Clolh Binding. $3.00 Per Copy
Half Morocco 3.50 Per Copy

Address

AMERICAN RAILWAY ENGINEERING AND^MAINTENANCE

OF WAY ASSOCIATION
962-3 Monadnock Chicago, Illinois



Patented June 13, 1905

The Smith Improved Lock Nut

The Perfect Track Nut

Spring Steel Oil Tempered

NO MORE LOOSE BOLTS OR PARTS

ONE NUT
Does the work that a nut, nut
lock, jam nut and cotter cannot do.

It Keeps the Work Tight Always

The Railway Specialty & Supply Co.
Sole Agents

209 Great Northern hldg., CHICAGO
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' Mson'-Stillmai
Hydraxilie Tool^r

The tremendous power developed by Hydraulic Machines demand sterling
qualities in the materials used in construction.
We have never nor will we ever reduce the cost of producing a machine

by sacrificing a single degree of quality.

We are builders of the most powerful Hydraulic Presses, Punches, Bend-
ers, Shaft Straighteners, Shears and nearly 300 varieties of Hydraulic
Jacks for pulling, pushing or lifting.

Illustrated Index will show the large variety of Jacks and the many
other Hydraulic Tools we build.

WATSON-STILLHAN CO.



WE THANK THE MEMBERS OF THE AMERICAN
RAILWAY ENGINEERING AND MAINTENANCE
OF WAY ASSOCIATION FOR THEIR PATRONAGE

TRADE MARK

Hydrex Felt & Engineering Co.
MANUFACTURERS AND SPECIALISTS IN
TTATERPROOFING MATERIALS

120 Liberty Street, NewYork
CHICAGO WASHINGTON EAST WALPOLE, MASS.














